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*P.ersonal privacy information* 

Mike Braverman 
<bravorman@AESOP. 
RUTGERS.EDU> 

To: Shanaz Bacchu 
cc: Peter Cotty <pjcotty@srrc.ars.usda.gov>, Shanaz 

BacchuslDC/USEPA/US@EPA 

05/27/03 02:59 PM 
Subject: RE: AF36 Label 

Shanaz 

I have included all the changes you requested. The only additional change I 
made was to spell out the word-Worker Protection Standard on the first page. 

Let me know if there is anything else that needs attention. 

Thanks 

Michael Braverman, Ph.D 
Bi opes ticid e Coordinator 
IR-4 Project, Rutgers University 
Technology Centre of New Jersey 
681 U.S. Highway 1 South 
North Brunswick, New Jersey 08902-3390 
Tel (732)932-9575 ext 610 
FAX (732)932-8481 
braverman@aesop.rutgers.edu 
IR-4 Website www.cook.rutgers.edu/-ir4 

-----Original Message-----
From: Shanaz Bacchus 
Sent: Saturday, May 24, 2003 12:13 PM 
To: Mike Braverman 
Cc: Shanaz Bacchus 
Subject: Re: AF36 Label 

Attached is a version I inserted the following in Word: 
1. 2nd line First page: When applied "to co!lon". 
2. ''Other ingredient:" near wheat seeds in ingredient statement. 
3. I did not include this. please do: in "See additional... .. statements" 
below add "on other panel" because Environmental Hazards appear on 2nd page. 
4a. Over WPS box, please all the language from the page I had given you. 
If you have misplaced it, look at the Label Review manual for lhe 
instructions for that box or email me. Check 4o cfr 155.206(a}. 
4b. I moved the mixer/loader statement into Hazards to humans section. 
Check 40 CFR 156.212(3)(c}. In moving around some of the items, I may have 
messed up the boxes, so please check them against your last 2-page Cotty 
version. Do not repeat the statement in the "Directions for Use". 
5. Under "Ground Application": 1. Apply Asper .... . .. with a 
cultivator .... . " and "DO NOT COVER AF36 COLONJZED WHEAT SEEDS WlTH SOIL". 
6. Remove the statement "Spray drift .... to End-use Product". 

If any questions, do email me. 
Sorry about all these multiple revisions ... just have to deal with all 
parties' comments. 
Have a great Memorial Day \\'.eekend. J'll be in the office on Tues, at 
meetings tO a.m.-12noon. 
Sincerely 
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*Personal privacy information* 

Shanaz Bacchus 
703-308-8097 

-·---Original Message-·---
From: "Mike Braverman" <braverman@AESOP.RUTGERS.EDU> 
To: "Shanaz Bacchus" 
Cc: ''Shanaz Bacchus" <Bacchus.Shanaz@epamail.epa.9ov> 
Sent: Monday, May 19, 2003 1:43 PM 
Subject: RE: AF36 Label 

> Shanaz 
.> 
>With help from Peter the label has been reduced to 2 pages without 
deleting 
>any portion. This will make it easier 10 fit on the pag. 

> I didn't follow what you were saying about wheat so I didn't change 
>anything related to that. If its still not right, please change in the 
text 
> so I can see ii. 
> 
>I increased the font size of the Caution statement to 18 and the Keep out 
of 
>reach statement to size 12. 
> 
>The second place that had the word CAUTION is now incorporated into the 
>section of the precautionary statement. 
> 
>Hope this works. 
> 
> 
> 
> 
>Michael Braverman. Ph.D 
> Biopesticide Coordinator 
> IR-4 Project, Rutgers University 
>Technology Centre of New Jersey 
> 681 U.S. Highway 1 South 
> North Brunswick, New Jersey 08902-3390 
>Tel (732)932·9575 ext 610 
> FAX {732)932-8481 
> braverman@aesop.rulgers.edu 
> IR-4 Website www.cook.rutgers.edu1-ir4 
> 
> -----Original Message-----
> From: Shanaz Bacchus 
>Sent: Sunday, May 18, 200310:52 AM 
>To: Mike Braverman 
> Subject: Re: AF36 Label 
> 
> 
>Mike, afler looking at the label, t observed that the name Aspergillus 
> flavus is m isrepresented when caps are used {the species name "flavus" 
uses 
> loweer c3se. Accordingly, I changed it and italicized the name. Some 

2 



---------····- ----------------------------··-··-····-----
*Personal privacy information* 

minor 
>changes were also made in the text, such as "colonized" wheal seeds 
(please 
> check if the word "wheat" as included) in order to clarify it is the A 
> fiavus AF36 colonized wheat seeds. Also inlcuded goggles. since primary 
eye 
>irritation study was waived. If later you wish to remove goggles, provide 
>data or information to do so. In the registration notice, you will be 
asked 
>to change the ·R 10 1. I will communicate when you have to do this. 
Please . 
> check the label and let me know if you concur with the changes mentioned 
>above. 
> Thanks 
> 
> 
> --··· Original Message ·----
>From: "Mike Braverman" <braverman@AESOP.RUTGERS.EDU> 
> To: "Shanaz Bacchus"•••••••••• 
> Sent: Friday, May t6, 2003 3:43 PM 
>Subject: RE: AF36 Label 
> 
> 
> > Have a nice weekend! 
>> 
> > Michael Braverman, Ph.D 
> > Biopesticide Coordinator 
> >-IR-4 Project. Rutgers University 
>>Technology Centre of New Jersey 
> > 681 U.S. Highway 1 South 
> > North Brunswick, New Jersey 08902-3390 
>>Tel (732)932-9575 ext 61 0 
> > FAX (732)932-8481 
> > braverman@aesop.rutgers.edu 
> > IR·4 Website www.cook.rutgers.edu/-ir4 
> > 
> > -----Original Message····· 
>>From: Shanaz Bacchus 
>>Sent: Friday, May 16, 2003 3:39 PM 
>>To: Mike Braverman 
>>Subject: Re: AF36 Label 
>> 
>> 
>>Worked like a charm, 
>>thanks, 
> > shawn 
>> ••••• Original Message----
> > From: "Mike Braverman• <braverrnan@AESOP .RUTGERS.EDU> 
>>To: <Bacchus.Shanaz@epamail.epa.gov> 
>>Sent: Friday, May 16, 2003 2:36 PM 
> > Subject: RE: AF36 Label 
>> 
>> 
> > > Shanaz 
>>> 
>>>I hope this attachment works .... 
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>>> 
>>> 

*Personal privacy information* 

>>>Michael Braverman. Ph.D 
> > > Biopesticide coordinator 
> > > IR-4 Project, Rutgers University 
>>>Technology Centre of New Jersey 
> > > 681 U.S. Highway 1 South 
> > > Norlh Brunswick, New Jersey 08902-3390 
> > >Tel (732)932-9575 ext 610 
> > > FAX (732)932-8481 
> > > braverman@aesop.rutgers.edu 
> > > IR-4 Website www.cook.rutgers.edu/-ir4 
>>> 
> > > -·---Original Message---·-
>>> From: Bacchus.Shanaz@epamail.epa.gov 
> > > [mailto:Bacchus.Shanaz@epamail.epa.gov) 
> > >Sent: Friday, May 16, 2003 1 :24 PM 
> > >To: Mike Braverman 
> > > Cc:-Bacchus.Shanaz@epamail.epa.gov: Peter Cotty; 
>>>Phi u on 
> > > Subject: Label 
>>> 
>>> 
>>> 
> > > Mike, thanks for the label. I opened in Word. 
> > > 1. The reentry statement was missing in the W PS box. 
> > > 2. I included a statement near the aerial application to show lhat no 
> > > spray drift Is expected, so that no one asks for spray drift 
statements. 
> > >Please align the statements under the Directions for use and the 
Active 
> > > ingredient statement. 
> > > 3. In the Furrow irrigation statement: Furrow irrigating .... .. will 
> > > provide ... .indude "will" or the verb. 
>>> 
>>>Proof and send in 5 final copies, i.e. the ones you would like 
stamped, 
> > > by FEDEX, as we discussed on the phone this morning. I really wish · 
the 
>>>emailed one would worK bu.tour printers don't ever seem to do well 
with 
> > > your Word documents ei ther at work or home. 
>> > 

>>>Thanks, 
>>> 
> > > shawn 
>>> 
>>> 
> 

AF362pageCotty may27mb 2003.i 
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*Personal privacy information* 

To: Shanaz Bacchus 

• 
. . 

. 

Mike Braverman 
<braverman@AESOP . 
RUTGERS.EDU> 

cc: Shanaz Bacchus/OC/USEPA/US@EPA 
Subject: RE: AF36 Label -. 05/19/03 01:43 PM 

Shanaz 

With help from Peter the label has been reduced to 2 pages without deleting 
any portion. This will make it easier to fit on the bag. 

I didn't follow what you were saying about wheat so I didn't change 
anything related to that. If i1s still not right, please change in the text 
so I can see it. 

I increased the font size of the caution statement to 18 and the Keep out of 
reach statement to size 12. 

The second place that had the word CAUTION is now incorporated into the 
section of the precautionary statement. 

Hope this works. 

Michael Braverman. Ph.D 
Biopesticide Coordinator 
IR-4 Project, Rutgers University 
Technology Centre of New Jersey 
681 U.S. Highway 1 South 
North Brunswick, New Jersey 08902-3390 
Tel (732)932·9575 ext 610 
FAX {732)932-8481 
braverm an@aesop .rutgers. ed u 
IR-4 Website www.cook.rutgers.edu/-ir4 

·····Original Message-----
From: Shanaz Bacchus 
Sent: Sunday, May 18, 2003 10:52 A 
To: Mike Braverman 
Subject: Re: AF36 label 

Mike, after looking at the label, I observed that the name Aspergillus 
flavus is misrepresented when caps are used (the species name "flavus" uses 
loweer case. Accordingly, I changed it and italicized the name. Some minor 
changes were also made in the text. such as "colonized" wheat seeds (please 
check if the word "wheat" as included) in order to clarify it is the A. 
flavus AF36 colonized wheat seeds. Also inlcuded goggles, since primary eye 
irritation study was waived. If later you wish to remove goggles, provide 
data or information to do so. In the registration notice, you will be asked 
to change the -R to 1. I will communicate when you have to do this. Please 
check the label and let me know if you concur with the changes mentioned 
above. 
Thanks 
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*Personal privacy information* 

----Original Message····-
From: ''Mike Braverman" <braverman@AESOP.RUTGERS.EDU> 
To: "ShanazBacchus" -
Sent Friday, May 16, 2 : 
Subject: RE: AF36 Label 

> Have a nice weekend! 
> 
>Michael Braverman, Ph.D 
> Biopesticide Coordinator 
> IR-4 Project, Rutgers University 
>Technology Centre of New Jersey 
> 681 U.S. Highway 1 South 
> North Brunswick, New Jersey 08902-3390 
>Tel {732)932-9575 ext 610 
>FAX (732)932-8481 
> braverman@aesop.rulgers.edu 
> IR-4 Website www.cook.rutgers.edu!-ir4 
> 
> -----Original Message----
> From: Shanaz Bacchu 
> Sent: Friday, May 16, 2 
>To: Mike Braverman 
>Subject: Re: AF36 Label 
> 
> 
> Worked like a charm, 
>thanks, 
> shawn 
> --··· Original Message -----
>From: "Mike Braverman" <braverman@AESOP.RUTGERS.EDU> 
>To: <Bacchus.Shanaz@epamail.epa.gov>; 
> Sent Friday. May 16. 2003 2:36 PM 
> Subject: RE: AF36 Label 
> 
> 
> > Shanaz 

'> > 
>>I hope this attachmen1 works .... 
>> 
>> 
>>Michael Braverman, Ph.D 
> > Biopesticide Coordinator 
> > JR-4 Project, Rutgers University 
>>Technology Centre of New Jersey 
> > 681 U.S. Highway 1 South 
>>North Brunswick, New Jersey 08902-3390 
>>Tel (732)932-9575 ext 610 
>>FAX (732)932-8481 
> > braverman@aesop.rutgers.edu 
> > IR-4 Website www.cook.rutgers.edu!-ir4 
>> 
> > ---·Original Message-----
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*Personal privacy information* 

> > From: Bacchus.Shanaz@epamail.epa.gov 
> > (mailto:Bacchus.Shanaz@epamail.epa.gov} 
>>Sent: Friday, May 16, 2003 1 :24 PM 
>>To: Mike Braverman 
> > Cc~acchus .Shanaz@epamail.epa.gov; Peter Cotty; 
>>Phi~ 
> > Subject: Label 
>> 
>> 
>> 
>>Mike, than~s ror the label. I opened in Word. 
> > 1. The reentry statement was missing in the WPS box. 
> > 2. I included a statement near the aerial application to show that no 
> > spray drift is expected, so that no one asks for spray drift statements. 
> > Please align the statements under the Directions for use and the Active 
> > ingredient statement. 
> > 3. ln the Furrow .irrigation statement: Furrow irrigating ...... will 
> > provide .... include "will" or the verb. 
>> 
> > Proof and send in 5 final copies. i.e. the ones you would like stamped, 
> >by FED EX, as we discussed on the phone this morning. I really wish the 
> > emailed one would work but our printers don't ever seem to do well with 
>>your Word documents either arworK or hOme. 
> > 
>> Thanks, 
>> 
> > shavvn 
>> 
>> 

"Ej.; 
·1 "" .. ' · 
.~I ' • 

AF362pageCotty may 2003.d 
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· *Personal privacy information* 

Shanaz 

Mike Braverman 
<braverman@AESOP. 
RUTGERS.EDU> 

05/ t6I03 02:36 PM 

I hope this attachment works .... 

Michael Braverman, Ph.D 
Biopesticide Coordinator 
IR-4 Project, Rutgers University 
Technology Centre of New Jersey 
681 U.S. Highway 1 South 

To: Shanaz Bacchus/DC/USEPA/US@EPA. 
cc: 

Sublect: RE: AF36 Label 

North Brunswick. New Jersey 08902-33gO 
Tel (732)932-9575 ext 610 
FAX (732)932-8481 
braverman@aesop.rutgers.edu 
IR-4 Website www.cook.rutgers.edu/-ir4 

---·Original Message---·-
From: Bacchus.Shanaz@epamail.epa.gov 
[mailto:Bacchus.Shanaz@epamail.epa.gov] 
Sent: Friday, May t6, 2003 1 :24 PM 
To: Mike Braverman 
C Bacchus.Shanaz@epamail.epa .gov; Peter Colly: 
Phil Hutton 
Subject: Label 

Mike, thanks for the label. I opened in Word. 
t. The reentry statement was missing in lhe WPS box. 
2 . I included a stalement near the aerial application to show that no 
spray drift is expected, so thal no one asks for spray drift statements. 
Please align the statements under the Directions for use and the Active 
ingredient statement. 
3. In the Furrow irrigation stalemen1: Furrow irrigating ...... will 
provide .... indude "will" or 1he verb. 

Proof and send in 5 final copies, i.e. the ones you would like stamped, 
by FE DEX, as we discussed on the phone this morning. I really wish the 
emailed one would work but our printers don't ever seem to do well with 
your Word documents either at work or home. 

Thanks, 

sh awn 

AF363page label.do 
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*Personal privacy information* 

, 
~; .. ~ 

. 
Miko Bra11orman 
<braverman@AESOP. 
RUTGERS.EDU> 

To: hanaz Bacchus/OC/USEPAIUS@EPA 
cc: Peter Cotty <pjcotty@srrc.ars.usda.gov>. Phil 

Hutton/DC/USEPNUS@EPA •' 

'·· 05/16103 12:06 PM· 
Subject: RE: AF36 analysis/product id and label 

Shanaz 

I have spoken to Peler Cotty on this issue. 

VCG is the only method used and can distinguish AF36 from all other A. 
flavus strains. it is used both prior to and after production of the batches 
in a redundant manner. 

As stated in MRID 44626101page10, 

" Both isozyme analyses and DNA polymorphisms show that the VCG test 
specifically identifies the consistenly atoxigenic vegetative compalibility 
group which we call Aspergillus flavus AF36. There is a zero tolerance for 
A. ftavus not identified as as Aspergillus flavus AF36." 

While isozyme and DNA polymorphisms have been used as a confimitory 
technique to the VCG syslern. there is no intention on using them as part of 
the QC system. Only VCG will be used. 

A complete outline of the identification of the organism is described in 
MRID 44626101 page 9 in which the the AF36 is compared to tester mutants on 
long term storage which have also been deposited with and available from the 
American Type Culture Collection. 

The upda1ed label is also attached 

Michael Braverman. Ph.D 
Biopesticide Coordinator 
IR-4 Project. Rutgers University 
Technology Centre of New Jersey 
681 U.S. Highway 1 South 
North Brunswick, New Jersey 08902-3390 
Tei (732)932-9575 ext 610 
FAX (732 )932-8481 
braverman@aesop.rulg~rs.edu 

IR-4 Website www.cook.rutgers.edu/-ir4 

-----Original Message-----
From: Bacchus.Shanaz@epamail.epa.gov 
[mailto:Bacchus.Shanaz@epamail~epa.gov) 
Sent: Thursday, May 15, 2003 4:34 PM 
T o: Mike Braverman 
Subject: RE: AF35 analysis/product id 

As discussed with you on the phone, the only outstanding issue is lo 
find a confirmatory method to identify AF36 apart from VCG analysis. 

9 



10

Please ask Peter if there is any other DNA analysis or some other method 
which can be used. !f necessary, we can teleconference with Peter and 
John Kough on this issue next week, say Tues. 
Thanks, 
sh awn 
703-308-8097 

·[:] 
AF363page label.do 
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*Personal privacy information* 

Mike Braverman 
<braverman@AESOP . 
RUTGERS.EDU> o:: Peter tty <p1col ly srrc.ars.usda.gov>, Phil • . 
05/15/03 02:02 PM 

Hutlon!DC/USEPA/US@EPA, Phil Wakelyn <pwakelyn@cotton.org>, 
Larry Anii ffa <LAntllfa@AZcollon.com> 

Subject: RE: AF361labelfmonitoring 

Dear Shanaz 

In response to your e-mail we are addressing the following 3 segments. 

A) TX efficacy research. 

B)Aflatoxln ln the batches -HPLC analysis 

C) Timeline for storage stability study 

A) TX efficacy research. 

The FDA does not routinely monitor cottonseed for aflatoxin. it is done at 
and by the individual gins. oil mills, or cottonseed brokers. 
Concerning the efficacy data you are requesting the data will consist of 

measurements of the displacement of aflatoxin producing sirains in 
soil and on cottonseed by treatments with Aspergillus flavus AF36. 
Air monitoring data will not be included. The incidence oi AF36 in the air 
is not an efficacy question. 

As we have sta ted previously, we do not view this as a public health 
pesticide and beleive that the TX and AZ cotton fields are comparable enogh 
so that performance in Texas is not an issue. 

B) Aflatoxin in AF36 batches 

In regard to your question about an HPLC method, although HPLC methods 
exist, TLC and Immunological Tests are routinely used for aflatoxin 
analyses. These tests are official approved methods for aflatoxin analyses . 

As we discussed on several occasions, aflatoxin content of batches is not 
determined as part of the quality control because it does not provide useful 
information. 
As required by the manufacturing protocol, a batch would be discarded 
if the vegetative compatibility (VCG) test was negative for AF36. I 
believe we had 
laid this question lo rest and that this was already settled. but as an 
overview here are the Quality control procedures: 

1 PRIOR TO PRODUCTION: 

tnoculum of AF36 is transferred from storage and grown in pure culture. 
Each plate is examined for purity visually on three media. working Cultures 
Vials resul t from these plates. Each culture plate used to make a Working 
Culture Vial is tested by both vegetative compatibility lo ensure the 

________________________________ ,,,,_,,, __ , ,, __ ,,,,,_, 
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culture is AF36 and for aflatoxin production. Aflatoxin production is 
tested by growing the culture in media and under conditions ideal for 
aflatoxin production. In this process, TLC is used to quantify aflatoxin 
production. This is a welt-established widely accepted technique that has ·a 
limit of detection below 1 ppb. This is a redundant test because AF36 has 
been tested hundreds of times for aftatoxin production and has never been 
found to produce aflatoxins. 

If the VCG test is negative or the TLC test detects aflatoxin the inocutum, 
the vials would be discarded prior to being accepted as Working Culture 
Vials. 

2. PRODUCTION: During production, the quantity of conidia is increased. 
Wheat is steamed sterilized, cooled, and the sterile wheat is coated with a 
suspension of AF36 conidia. The AF36 coated wheat is then incubated for 24 
hr. to allow the fungus to briefly coloniz8d the wheat. The wheat is then 
dried and packaged for use. 

3. POST PRODUCTION: 

Every batch of AF36 colonized wheat produced is tested by VCG analysis to 
reconfirm the pre-production VCG test. 

If these tests were ever ~egative the batch would be discarded or destroyed. 

These procedures prevent the possibility that the product can be 
contaminated with aflatoxin producers. 

All of the above is already submitted in MRID 44626101 page 8 

The following is not currently part of the production system, but could be 
added: 

If the POST Production VCG test fails the batch will either be discarded OR 
analyzed by TLC for aflatoxin. 

If the TLC test detects aflatoxin the batch will either be discarded OR 
analyzed by HPLC. 

If these statements would make the protocol acceptable, then these could be 
added to the production 
system protocol. 

Once again, let me repeat that this is only an operating procedure and in 
actuality nothing would go past the 
VCG test of the batch, because if a batch is detected that is negative for 
AF36 by the vegetative compatibility test, that batch will be discarded. 

The aflatoxin content of the sterilized wheat colonized by AF36 {finished 
product} can be determined as part of the 5 batch analysis. The finished 
product from each of the batches can be analyzed either in Dr. Cotty's 
laboratory by TLC or by a commercial laboratory by a different method. 
However, a requirement of routine aflatoxin analyses, as a component of the 
manufacturing process would be an unwarranted burden for the grower-run 
manufacturing facility. 

• 

• 
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C) Timeline for storage slabilily sludy 

There is the possibilily thal product may need lo be stored for up to 18 
months. As I showed you in the journal article, dala has already been 
published showing 
29 mon1hs of slorage stability, allhough I unders1and !hat you need !he 
slability data on !he 
actual produclion scale balches. So wilh an 18-rnonth stabilily s1udy, lime 
to 
produce !he batches, and time to work wilh !he data and submit a reporl two 
and a half years are needed to complete !his study. 

So in summary, in regard to lhe addition informalion needed to reply to and 
the proposed due dates for !he registration: 

885.1300 Discussion of Formalion of Uninlentional Ingredients Human 
Palhogen, aflatoxin contamination. 
Time needed after registralion: 10 be added to !he 5-balch analysis. 2 
years, 6 months. 

885.1400 Analysis of Samples-5 batch analysis Including viability and 
storage slabiliiy. 
Time needed afler regislration: 2 yr, 6 months 

885.1500 Cerlificalion of limits. 
Time needed after regislra1ion: 2 year 

Non-guideline· Efficacy data in Texas 
Time needed afler regislralion: 2 years for developmenl of an addi!ional 
year of dala. 

Michael Braverman, Ph.D 
8 iopes t icide Coard inalor 
IR-4 ProjecJ. Rutgers University 
Technology Cenlre of New Jersey 
681 U.S. Highway 1 South 
Norlh Brunswick, New Jersey 08902-3390 
Tel (732)932-9575 exJ 610 
FAX (732)932-8481 
braverman@aesop.ruJQers.edu 
IR-4 Websile www.cook.rulgers.edu/-ir4 

-----Original Message-----
From: Shanaz Bacchus 
Sen!: Monday, May 05, 
To: Mike Braverman 
Subject: Re: AF36/label/monitoring 

Thanks. I'll look al ii 1omorrow after I get Jhe olher stuff done thal's 
desperalely needed. 

I have anolher issue to discuss regarding efficacy trials in TX. Can you 
provide collonseed dala from !he FDA moniloring of collonseed lo show Jhai 
more cottonseed has been acceplable in AZ over the period of the EUP? 

13 
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*Personal privacy information* 

Also, would it be easier for you to provide FDA monitoring of the cottonseed 
in TX to show that more cottonseed has been acceptable in TX over this 
season. If so. we may be able to use that data instead of requiring soil 
and air monitoring data in TX as a condition of registration. 

I am just testing the water on this one ... and I imagine, so are you. Please 
discuss with Peter and call me sometime today after 1 p.m .• Mon 5/5 on 

If not call me on Tues at work (703-308-8097) 
Shawn 
----- Original Message ---·-
From: "Mike Braverman" <braverman@AESOP .RUTGERS.EDU> 
To: <Bacchus.Shanaz@epamail.epa.gov> 
Cc: "Peter Cotty" <pjcotty@srrc.ars.usda.gov> 
Sent: Monday, May 05, 2003 11 :51 AM 
Subject: RE: AF36/label 

> Shanaz 
> 
>I could not make it fit with the other changes/ boxes so I have changed 
the 
>label out of lhe column format and onto 3 pages. Attached is the latest 
>update. · 
> 
> If any other parts of this need attention please let me know. 
> 
> Thanks 
> 
>Michael Braverman, Ph.D 
> Biopesticide Coordinator 
> IR-4 Project. Rutgers University 
>Technology Centre of New Jersey 
> 681 U.S. Highway 1 South 
> N9rth Brunswick, New Jersey 08902-3390 
>Tel (732)932-9575 ext 610 
>FAX (732)932-8481 
> braverman@aesop.rutgers.edu 
> IR-4 Website www.cook.rutgers.edu/-ir4 
> 
> -----Original Message-----
> From: Bacchus.Shanaz.@epamail.epa.gov 
> [mailto:Bacchus.Shanaz@epamail.epa.gov) 
> Sent: Saturday, May 03, 2003 11 :~8 AM 
>To: braverman@AESOP.RUTGERS.EDU> 
>Subject: AF36/label 
> 
> 
> 
> AF3611abel 
> 
> To capture our phone discussion yesterday, Fri 512: 
> 
> 1. Under Caution ( !st column, 1st para) 
>"Harmful if swallowed. Avoid breathing dust. Causes moderate eye 
>irritation. Avoid contact with eyes or clothing. Prolonged or 
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• 

• 

> frequently .... individuals. Wash hands ... after handling." 
> 
> 2. User Safety Recommendations (put in box for visibillty, indent or 
> align .. my email doesn't allow me to do so.) 
> 
>"Users should wash hands before eating, drinking.chewing gum, using 
> tobacco, or using the toilet. 
> 
>Users should remove clothlng/PPE (spell out.1st ref) if pesticide gets 
> inside. Then wash thoroughly and put on clean clothing. 
> 
> Users should remove PPE immediately after handling this product. Wash 
> the otuside of gloves before removing. As soon as possible, wash 
> thoroughly and change into clean clothing." 
> 
> 3. Above Agric. Use Requirements box: "It is violation ... Do not 
> apply .. "etc., as per page l gave you for WPS. If you have misplaced it, 
>drop me an email/voicemail, include a fax# and I'll fax it to you ... t'm 
>working at home on Monday 5/5, but can access both from home. 
> 
> 4. Ag Use requirements contain statements for early entry workers and 
> REL Include statements about PPE for mixer/loaders in the Directions 
>for Use. 
> 
>2nd column 
> 5. Remove 3000 cfu from position near to AF36 active ingredient listing. 
>Put asterisk above AF36 and viability data below Total line to read 
>" ~3000 cfu/g End-use Product" 
> 
> 6. Include First Aid Sttatements in Box for visibility as per PRN 
> 2001-1 I sent you yesterday p.m. First Aid statements include "If on 
>skin or clothing ... " 
> 
> Below First Aid statements: 
> 
>'-'Have the product container or label with you .. 
> 
> Remove redundancies to tighten up label. 
> 
> I noticed when I converted it from Word to WordPerfect, it became 2 
>logical pages. The draft label, which we stamp does not have to be the 
>final printed {FP) label. Of course, you dof1't want to have to do 2 
>labels, (1 draft and 1 FP) but if it's easier for you to leave the 
> printers the job of rearranging the columns, then the 2 page WP label 
>will be fine, assuming that the content remains the same on the FP. 
> 
> Now that I've kept my promise about the label, have a great weekend, 
> shawn 
>(sent sat 5/3 from home) 
> 

-------------------------



*Personal privacy information* 

Miko Braverman 
<braverman@AESOP. 
RUTGERS. EDU> 

To: Shanaz Bacchus 
cc: Shanaz BacchuslDC/USEPNUS@EPA, Peter Cotty 

<pjcotty@srrc.ars.usda.gov> 

05/12/03 04:14 PM 
Subject: RE: data waiver requests 

Shanaz 

I have the waiver requests in the attached file. 
Please let me know if anything else is needed. 

Thanks 

Michael Braverman, Ph.D 
Biopesticide Coordinator 
IR-4 Project, Rutgers University 
Technology Centre of New Jersey 
681 U.S. Highway 1 South 
North Brunswick, New Jersey 08902-3390 
Tel (732)932-9575 ext 61 o 
FAX (732)932-8481 
brave rm an@aesop .rutgers. ed u 
IR-4 Website www.cook.rutgers.edu/-ir4 

-----Original Message-----
From: Shanaz Bacchus 
Sent: Monday, May 12, 
To: Mike Braverman 
Subject: data waiver requests 

For the (1) acute inhalation study: 152-32: waiver requested because there are no respirable 
particles in the inerts or End-use Product, inoculated sterilized wheat seeds. 

(2) immune response: clearance observed in both acute oral and pulmonary studies ... days, 
organs, etc. 

(3) hypersensitivity study: no hypersensitivity incidents observed in maximally exposed 
researchers, handlers over experimental phases in lab or field. Also no non-occupational 
exposure above background levels expected based on agricultural use and for all those other 
reasons re ubiquitous exposure to naturally occurring organism. 

Please put in Data Waiver format and send by email. 
Thanks, 
shawn 

301 -924-7114 (in case you have any questions, do call) ~F36hea\thwaivers2 . wpc 

16 



r 
*Personal privacy information* 

Shanaz 

Mike Braverman 
<:braverman@AESOP. 
RUTGERS.EDU> . 

05/05/03 11 :5 t AM 

To: Shanaz Bacchus/DCIUSEPA/US@EPA 
cc: Peter Cotty <pjcotty@srrc.ars.usda.gov> 

Subject: RE: AF36/label 

I could not make it fit with the other changes/ boxes so I have changed the 
label out of the column format and onto 3 pages. Attached is the latest 
update. 

If any other parts of this need attention please let me know. 

Thanks 

Michael Braverman, Ph.D 
Biopesticide Coordinator 
IR-4 Project, Rutgers University 
Technology Centre of New Jersey 
681 U.S. Highway 1 South 
North Brunswick, New Jersey 08902-3390 
Tel (732)932-9575 ext 610 
FAX {732)932-8481 
braverman@aesop .rutgers. edu 
IR-4 Website www.cook.rutgers.edu1-ir4 

·----Original Message-----
From: Bacchus.Shanaz@epamail.epa.gov 
(maillo:Bacchus.Shanaz@epamail.epa.gov] 
Sent; Saturday. May 03, 2003 11 :28 AM 
To: braverman@AESOP.RUTGERS.EDU> 
Subject: AF36flabel 

AF36Aabel 

To capture our phone discussion yesterday, Fri 512: 

1. Under caution (1st column, 1st para) 
"Harmful if swallowed. Avoid breathing dust. Causes moderate eye 
irritation. Avoid contact with eyes or clothing. Prolonged or 
frequently .... individuals. Wash hands ... after handling." 

2. User Safety Recommendations (put in box for visibility, indent or 
align .. my.email doesn't allow me to do so.) 

"Users should wash hands before eating, drinking,chewing gum, using 
tobacco, or using the toilet. 

Users should remove clothing/PPE (spell out.1st ref) if pesticide gets 
Inside. Then wash thoroughly and put on clean clothing. 

Users should remove PPE immediately after handling this product. Wash 
the otuside of gloves before removing. As soon as possible, wash 

17 
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lhoroughly and change into clean clothing." 

3. Above Agric. Use Requirements box: "It is violation ... Do not 
apply .. "etc., as per page I gave you for WPS. lf you have misplaced it, 
drop me an email/voicema11, include a fax# and I'll fax it to you ... l'm 
working at home on Monday 5/5, but can access both from home. 

4. Ag Use requirements contain statements for early entry workers and 
RE!. Include statements about PPE for mixer/loaders in the Directions 
for Use. 

2nd column 
5. Remove 3000 cfu from position near to AF36 active ingredient listing. 
Put asterisk above AF36 and viability data below Total line to read 
" '3000 cfu/g End-use Product" 

6. Include First Aid Sttatements in BOx for visibility as per PRN 
2001-1 I sent you yesterday p.m. First Aid statements include "If on 
skin or clothing ... " 

Below First Aid statements: 

"Have the product container or label with you ... 

Remove redundancies to tighten up label. 

I noticed when I converted ii from Word to WordPerfect, it became 2 
logical pages. The draft label, which we stamp does not have to be the 
final printed (FP) label. Of course, you don't want to have to do 2 
labels, {1 draft and 1 FP) but if it's easier for you to leave the 
printers the job of rearranging the columns, then the 2 page WP label 
will be fine, assuming that the content remains the same on the FP. 

Now that I've kept my promise about the label, have a great weekend, 
sh awn 
(sent s.at 5/3 from home) 

. 
. 

AF363page label.do 

• 

• 



*Personal privacy information* 

Mike Braverman To: Shanaz Bacchus/DC/USEPNUS@EPA 
<braverman@AESOP. cc:········ 
RUTGERS.EDU> Subjec!: RE: AF36/label 

05/05103 08:30 AM 

Shanaz 

I think under point# 1 it was "Harmful if inhaled", not "Harmful if 
swallowed" and we put this before the "Avoid breathing dust" statement 

So it now looks like this : . 

Harmful if inhaled avoid breathing dust. Causes moderate eye irritation and 
avoid contact with eyes, skin or clothing. Prolonged or frequently repeated 
skin contact may cause allergic reaction in some individuals. Wash hands 
thoroughly with soap and water after handling. 

Michael Braverman, Ph.D 
Biopesticide Coordinator 
IR-4 Projec!, Rutgers University 
Technology Centre of New Jersey 
681 U.S. Highway 1 South 
North Brunswick. New Jersey 08902-3390 
Tel {732)932-9575 ext 610 · 
FAX {732)932-8481 
braverman@aesop.rutgers.edu 
IR-4 Website www.cook.rutgers.edu/-if4 

-----Original Message-----
F ram: Bacchus.Shanaz@epamail.epa.gov 
[mailto:Bacchus.Shanaz@epamail.epa.gov) 
Sent: Saturday, May 03, 2003 11 :28 AM 
To: braverman@AESOP.RUTGERS.EDU> 
Subject: AF3611abel 

AF36/label 

To capture our phone discussion yesterday, Fri 5/2: 

1. Under Caution (1st column, 1st para ] 
"Harmful if $Wallowed. Avoid breathing dust. Causes moderate eye 
irritation. Avoid contact with eyes or clothing. Prolonged or 
1requently .. .. individuals. Wash hands .. . after handling! 

2. User Safety Recommendations {put ln box for visibility, indent or 
align .. my email doesn't allow me to do so.) 

"Users should wash hands before eating. clrinklng.chewing gum, using 
tobacco. or using the toilet. 

Users should remove clolhing/PPE (spell out..1 st ref) if pesticide gets 
nside. Then wash thoroughly and put on clean clothing. 

19 
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Users should remove PPE immediately after handling this product. Wash 
the otuside of gloves before removing. As soon as possible, wash 
thoroughly and change into clean clothing." 

3. Above Agric. Use Requirements box: "It is violation ... Do not 
apply .. "etc., as per page I gave you for WPS. If you have misplaced ii, 
drop me an email/voicemail, include a fax# and I'll fax it to you ... l'm 
working at home on Monday 5/5, but can access both from home. 

4. Ag Use requirements contain statements for early entry workers and 
REI. Include statements about PPE for mixer/loaders in the Directions 
for Use. 

2nd column 
5. Remove 3000 cfu from position near to AF36 active ingredient listing. 
Put asterisk above AF36 and viability data below Total line to read 
"*3000 cfu/g End-use Product" 

6. Include First Aid Sttatements in BOx for visibility as per PRN 
2001-1 I sent you yesterday p.m. First Aid statements include "If on 
skin or clothing ... " 

Below First Aid slataments: 

''Have the product container or label with you 

Remove redundancies to tighten up label. 

I noticed when I converted it from Word to WordPerfect, it became 2 
logical pages. The draft label, which we stamp does not have to be the 
final printed (FP) label. Of course, you don't want to have to do 2 
labels, {1 draft and 1 FP) but if it's easier for you to leave the 
printers the iob of rearranging the columns, then the 2 page WP label 
will be fine, assuming that the content remains the same on the FP. 

Now that I've kept my promise about the label, have a great weekend, 
shawn 
(sent sat 5/3 from home) 

• 

• 



*Personal privacy information* 

• . 
' 

' 

Shanaz 

Mike Braverman · 
<braverman@AESOP . 
RUTGERS.EDU> 
05102/03 12:53 PM 

To: Shanaz Bacchus/DC/USEPA/US@EPA cc:··--··· Subject: RE: Storage stabitity/AF36 

Could you please paste the section of the BRAD pertaining to the additional 
data requested into an e-mail so that I can construct a letter for Larry 
Antilla. 

Thanks 

Michael Braverman, Ph.D 
Blopesticide Coordinator 
IR-4 Project, Rutgers University 
Technology Centre of New Jersey 
681 U.S. Highway 1 South 
North Brunswick, New Jersey 08902-3390 
T~I (.732)932-9575 ext 610 
FAX {732)932-8481 
braverman@aesop.rutgers.edu 
!R-4 Website www.cook.rutgers.edu/-ir4 

-----Original Message-----
F rom: Bacchus.Shanaz@epamail.epa.gov 
[mailto:Bacchus.Shanaz@epamail.epa.gov] 
Sent: Friday, May02, 2003 11:47 AM 
To: Mike Braverman 
Cc: bacc4 71@comcast.net 
Subject: Re: Storage stability/AF36 

Mike, I just want to make sure I understand the question .... are you 
saying that because the 5th batch will be produced later, that you will 
need more than 1 year to submit the storage stabill!y data? How much 
time would be appropriate? 
sh awn 
Phone: 703-308-8097 

Mike Braverman 
<braverman@AESOP.R To: Shanaz 
UTGERS.EDU> Bacchus/DC/USEPA/US@EPA, 

bacc471@comcast.net 
05/02/03 10:22 AM cc: 

Subject: Storage stability 

....._ _______ ' """"" """""""" ' " '""""'"'""""" ""-
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Shanaz 

I was looking over the storage stability portion of whats in the draft 
BRAD. 
What is the storage period needed during such a study? ! am thinking 
about 
this in relation to your requirement to do that within a year of a 
conditional registration . Does the storage stability need to be done on 
5 
batches? If so the time of production of the 5th batch would be a 
limiting 
factor on when the last study could start. 

Please explain. 

Thanks 

Michael Braverman, Ph.D 
Biopesticide Coordinator 
IR-4 Project, Rutgers University 
Technology Centre of New Jersey 
681 U.S. ·Highway 1 South 
North Brunswick, New Jersey 08902-3390 
Tel (732)932-9575 ext 610 
FAX {732)932-8481 
braverman@aesop. rutgers .edu. 
IR-4 Website www.cook.rutgers.edu/-ir4 

• 

• 



*Personal privacy information* 

To: Shanaz Bacchus/DC/USEPAJLJS@EPA 
cc: 

Mike Braverman 
<braverman@AESOP. 
RUTGERS.EDU> Subject: RE: Storage stabiltty/AF36 

05/02103 12:02 PM 

Shanaz 

How long does the stability study need to be conducted? 3 month 6 month '1 
year? 

The 1999 article by Bock and Colly that I faxed to you on 414103 shows 
stability over a 29 month period. 

Also for the condltlonal registration itself how long will it be good for? 

Michael Braverman, Ph.D 
Bicipesticide Coordinator 
IR-4 Project, Rutgers University 
Technology Centre of New Jersey 
681 U.S. Highway 1 South 
North Brunswick, New Jersey 08902·3390 
Tel (732)932-9575 ext 610 
FAX (732)932-8481 
brave rma n@aesop .rut9ers. ed u 
IR-4 Website www.cook.rutgers.edu/-ir4 

-----Original Message----
Frorn: Bacchus.Shanaz.@epamail.epa.gov 
jmailto:Bacchus.Shanaz@epamail. epa.govJ 
Sent: FridaY., May 02, 2003 11 :47 AM 
To: Mike Braverman 
Cc: bacC471@conncast.net 
Subject: Re: Storage stability/AF36 

Mike, I just want to make sure I understand the question .... are you 
saying that because the 5th batch will be produced later, that you will 
need more than 1 year to submit the storage stability data? How much 
time would be appropriate? 
shawn 
Phone: 703-308-8097 

Mike Braverman 
. <braverman@AESOP.R 

UTGERS.EDU> 
To: Shanaz 

Bacchus/DC/USEPA/US@EPA, 

05102103 10:22 AM cc: 
Subject: Storage stability 

23 
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Shanaz 

I was looking over the storage stability portion of whats in the draft 
BRAD. 
What is the storage period needed during such a study? I am thinking 
about 
this in relation to your requirement to do that within a year of a 
conditional registration . Does the storage stability need to be done on 
5 
batches? !f so the time of production of the 5th batch would be a 
limiting 
factor on when the !as! study could start. 

Please explain. 

Thanks 

Michael Braverman, Ph.O 
Biopesticide Coordinator 
lR-4 Project, Rutgers University 
Technology Centre of New Jersey 
681 U.S. Highway 1 South 
North Brunswick, New Jersey 08902-3390 
Tel (732)932-9575 ext 610 
FAX (732)932-8481 
braverman@aesop.rutgers.edu 
IR-4 Website www.cook.rutgers.edu/-ir4 

• 

• 



*Personal privacy information* 

Shanaz 

Mike Braverman 
<braverman@AESOP. 
F'WTGER.S.EDU> 

05102103 10:22 AM 

To: Shanaz Bacchus/OC/USEPA/US@EPA. 
cc: 

Subject: Storage stability 

I was looking over the storage stability portion of whats in the draft BRAD. 
What is the storage period needed during such a study? I am thinking about 
this in relation to your requirement to do that within a year of a 
conditional registration. Does the storage stability need to be done on 5 
batches? If so the time of production of me 5th batch would be a limiting 
factor on when the last study could start. 

Please explain. 

Thanks 

Michael Braverman. Ph.D 
Biopesticide Coordinator 
IR-4 Project, Rutgers University 
Technology Centre of New Jersey 
681 U.S. Highway 1 South 
North Brunswick, New Jersey 08902-3390 
Tel (732)932-9575 ext 610 
FAX (732)932-8481 
br averman@aesop.rutgers .ed u 
·1R-4 Website www.cook.rutgers.edu/- ir4 

25 
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-----------------------

Mike Braverman 
<braverman@AESOP. 
RUTGERS.EDU> 

04/28103 10:54 AM 

To: Shanaz Bacchus/DC/USEPAJUS@EPA 
cc: Bob Holm <holm@AESOP.RUTGERS.EDU>, Larry Antilla 

<LAnlilla@AZcotton.com>, Peter Cotty <pjcotty@srrc.ars.usda.gov>, 
Phil Wakelyn <pwakelyn@cotton.org>, Phil 
HuttonlDCIUSEPAIUS@EPA, Janet Andersen/DC/USEPAJUS@EPA 

Subject: AF36 Final approval process 

Dear Shanaz 

The cotton folks and IR-4 are really getting excited in anticipation of the 
AF36 approval which we hope will be completed this week. 

Thanks for all your efforts in bringing this to a closure. I will be at EPA 
on Wednesday, April 30. I could try to squeeze some time in if there are any 
last minute questions. I have not heard anything since we met on April 15 so 
I assume all is well and on track. 

Sincerely 

Michael Braverman, Ph.D 
Biopesticide Coordinator 
IR~4 Project, Rutgers University 
Technology Centre of New Jersey 
681 U.S. Highway 1 South 
North Brunswick, New Jersey 08902-33go 
Tel (732)g32-g575 ext 610 
FAA (732)932-8481 
braverman@aesop.rutgers.edu 
IR-4 Website www.cook.rutgers.edu/-ir4 

•[] 
AF362003.ppt 

• 

• 
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• 

• 

• 
I 

' 
Mike Braverman 
<braverman@AESOP. 
RUTGERS.EDU> 

To: Shanaz Bacchus/DC/USEPNUS@EPA 
cc: Peter Cotty <pjcotty@srrc.ars.usda.gov> . 

Subject: Updated label · . 
. 04/17/03 03:10 PM 

Dear Shanaz 

Attached is the updated label. I hope I understood all of the changes 
requested and we on our way to our approval in May. Its possible that t may 
be in Crystal City on April 30 on other business, but I'm not sure at this 
point. Hopefully thats for the signing celebration! 

I will be out tomorrow. 

Thanks 

Michael Braverman, Ph.D 
Biopesticide Coordinator 
IR-4 Project, Rutgers University 
Technology Centre of New Jersey 
681 U.S. Highway 1 South 
North Brunswick, New Jersey 08902-3390 
Tel (732)932-9575 ext 610 
FAX (732)932-8481 
braverrna n@aesop.ru tgers .edu 
IR-4 Website www.cook.rutgers.edu/-ir4 

n 
LJ 

LABelAF36Sec3NOAfla.dc 

,,,. 
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a ,. 
Shanaz 

Mike Braverman 
<braverman@AESOP. 
RUTGERS.EDU> 

04/16103 03:38 PM 

To: Shanaz Bacchus/OC/U~EPAIUS@EPA 
cc: 

Subfect: FW: FW: Aflatoxin Losses 

Attached is the benefits statement you requested. Will try to get the label 
to you tomorrow or Monday. 

Michael Braverman, Ph.D 
Biopesticide Coordinator 
IR-4 Project, Rutgers University 
Technology Centre of New Jersey 
681 U.S. Highway 1 South 
North Brunswick, New Jersey 08902-3390 
Tel {732)932-9575 ext 610 
FM (732)932-8481 
braverman@aesop.rutgers.edu 
IR-4 Website www.cook.rutgers.edu/-ir4 

-----Original Message-----
From: Peter Cotty [mailto:pjcotty@srrc.ars.usda.gov) 
Sent Wednesday, April 16, 2003 3:11 PM 
To: braverman@AESOP.RUTGERS.EDU 
Subject: Re: FW: Aflatoxin Losses 

Michael, 

It looks good. I made very minor changes to a few sentence. The cost 
estimate for the ammoniation I reduced some to make it more realistic. 

It is good. Thanks for the corrections. \ think you should send it on. 

--Peter. 
>>>Mike Braverman <braverman@AESOP.RUTGERS.EDU> 04/16/03 01:57PM >>> 
Peter 

I think you want to remove the reference to Table t-t didn't see it. I 
changed the order of the whole thing and made a few minor changes. Let me 
know if the changes\ made are OK. 

Thanks 
Michael 

Michael Braverman, Ph.D 
Biopesticide Coordinator 
IR-4 Project, Rutgers University 
Technology Centre of New Jersey 
681 U.S. Highway 1 South 
North Brunswick, New Jersey 08902-3390 

• 

• 
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• 

Te! (732)932-9575ext610 
FAX (732)932-848 I 
braverman@aesop.rutgers.edu 
IR-4 Websile www.cook.rutgers.edu/-ir4 

-----Original Message----
Frorn: Peter Cotty [mailto:pjcotty@srrc.ars.usda.gov] 
Sent: Wednesday, ·April 16, 2003 10:17 AM 
To: braverman@AESOP.RUTGERS.EDU 
Subject: Af!atoxin Losses 

Michael, 

Please look this over and lei me know if you want it modified. 

--Peter. 

Peter J. Cotty, Ph.D. 
Research Plant Pathologist 
Southern Regional Research Center 
Agricultural Research Service 
United States Department of Agriculture 
1100 Robert E. Lee Blvd. 
New Orleans, LA 70124 

pjcotty@srrc.ars.usda.gov 
Phone: 504-286-439 t 
FAX: 504-286-4496 

Peter J. Cotty, Ph.D. 
Research Plant Pathologist 
Southern Regional Research Center 
Agricultural Research Service 
United States Department of Agriculture 
1100 Robert E. Lee Blvd . 
New Orleans, LA 70124 

pjcotty@srrc.ars.usda.gov 
Phone: 504-286-4391 
FAX; 504-286-4496 

Aflatoxin Losses ed.do• 
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• . . . 
. 

Shanaz 

Mike Braverman 
<braverman@AESOP . 
RUTGERS.EDU> 

04/04/03 02:41 PM 

To: Shanaz: Bacchus/DC/USEPA/US@EPA 
cc: Peter Cotty <pjcotty@srrc.ars.usda.gov> 

Subject: FW: Spore Weights 

Attached I have the information on how the 0/o active ingredient was 
calculated as in the CSF. I will be faxing some info on storage stability 
and the 3,000 CFU/gram question. 

I hope the FAX on the CFU, Stability, and batches came through. Note: batch 
info is all the way at the last page. 

If I need to put this through front end, let me know. 

Thanks 

Michael Braverman, Ph.D 
Biopesticide Coordinator 
IR-4 Project, Rutgers Universlty 
Technology Centre of New Jersey 
681 U.S. Highway 1 South 
North Brunswick, New Jersey 08902-3390 
Tel (732)932-9575 ext 610 
FAX (732)932-8481 
braverman@aesop.rutgers.edu 
IR-4 Website www.cook.rutgers.edu/-ir4 

-----Original Message-----
From: Peter Cotty [mailto:pjcotty@srrc.ars.usda.gov] 
Sent: Friday, April 04, 2003 12:01 PM 
To: braverman@AESOP.RUTGERS.EDU 
Subject: Spore Weights 

Peter J. Cotty, Ph.D. 
Research Plant Pathologist 
Southern Regional Research Center 
Agricultural Research Service 
United States Department of Agriculture 
11 00 Robert E. Lee Blvd. 
New Orleans, LA 70124 

pjcotty@srrc.ars.usda.gov 
Phone: 504-286-4391 
FAX: 504-286-4496 

• 

• 
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Spore Weight in formuation for label. 

• 
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~ 
VII 

Shanaz 

Mike Braverman 
<braverman@AESOP. 
RUTGERS.EDU> 

03/12103 03:51 PM 

To: Shanaz Bacchus/DCIUSEPA/US@EPA 
cc: Bob Holm <holm@AESOP.RUTGERS.EOU>, Peter Cotty 

<pjcotty@srrc.ars.usda.gov>, Phil Hutton/DC/USEPNUS@EPA, Phil 
Wakelyn <pwakelyn@coJton.org>, Larry Antilla 
<LAntilla@AZcotton.com> 

Subject: RE: Aflatoxin analyses 

This is in regard to your inquiry for the relation of AF36 to FDA 
monitoring data. As I mentioned during our phone conversation and as 
described in !he attached information, AF-36 does not necessarily reduce 
aflatoxin to a certain level. In this system the proportion of aflatoxin 
producing fungi are reduced; however, aflatoxin content is not necessarily 
reduced below FDA action thresholds. 

It has been a long journey since the the first submissions by Christina 
Hartman and Bill Biehn in 1995. We hope this information is useful in 
explaining the system, negating the need to review the newly requested Texas 
data. We look forward to discussing how we may come to a timely and 
successful conclusion on this grower based initiative. 

Bob Holm will be joining us for the teleconference tomorrow. 

Michael Braverman, Ph.D 
Biopesticide Coordinator 
IR-4 Project, Rutgers University 
Technology Centre of New Jersey 
681 U.S. Highway 1 Soulh 
North Brunswick, New Jersey 08902-3390 
Tel (732)932-9575 ext 610 
FAX (732)932-8481 
braverman@aesop.rutgers.edu 
IR-4 Website www.cook.rutgers.edu/-ir4 

-----Original Message-----
From: Bacchus.Shanaz@epamail.epa.gov 
[mailto:Bacchus.Shanaz@epamail.epa.gov] 
Sent: Monday, March 10, 200310:35 AM 
To: Mike Braverman 
Cc: pjcotty@srrc.ars.usda.gov; pwakelyn@cotton.org; 
LAntilla@AZcotton.com 
Subject: Aflatoxin analyses 

Peter, I'm copying you, because I'm aware that Mike's going to be on 
travel. If you can provide some information to the questions below, it 
will speed things up. I'm also copying Larry as the registrant, so that 
he can be aware of the issues which are cropping up. 

At issue: 
Have any of the studies you submitted actually shown the FDA monitoring 
data to demonstrate the levels of aflatoxin in cotton are less and 
within the FDA regulatory levels in treated fields than in untreated? 
What I envisage with the FDa data is that you will show or have shown 

• 
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that the revels are within those required by FDA. but that more cotton 
food commodities were acceptable because treatment during the EUP caused 
the afiatoxin ievels on the food commodtty to decrease. Let me expiain. 
The reviewers are arguing that they have not seen rhe actual aflatoxin 
ievei data. They have been toid that FDA or whoever is monitoring 
cotron for market purposes is accepting more of the cotton. 

Where are the actuai records of the afiatoxin leveis that support the 
decision to accept mo~e for the market? If these data are shown in any 
of the MRI Os or other submissions, do iet me know exactly where to point 
the reviewers, so that we can save time. if not please send in data to 
demonstrate that the aflatoxin levels were reduced or are within 
regulatory ievels in cotton after the EUP (i.e. FDA or regulatory 
monitoring data with xx ppb on cotton seed, cottonseed meai, etc.) 
Include in the summary what aflatoxin monitoring method was used. 

Thanks 
Sincereiy, 
Shanaz Bacchus, Cliefnist 
USEPAIOPP (Mail Code 7511C) 
Biopesticides and Poiiution Prevention Division 
1200 Pennsyivania Ave., N.W. 
Washington D.C. 20460 
Phone: 703-308-8097 
Fax: 703-308-7026 

Ell 
AF36Efficacy FDA Braverman version.· AF36Pie efficacy slide lo MB.r LABelAF36Sec3aflaloxin.d( 



34

To: Shanaz Bacchus/DC/USEPA/US@EPA 
cc: • . 

Mike Braverman 
<braverman@AESOP. 
RUTGERS.EDU> Subiect: FW: FedEx shipment 791549921170 . 
03111103 12:53 PM 

Shanaz 

FYI. Hard copy of AF-36 data has been received at EPA 

Michael Braverman, Ph.D 
Biopesticide Coordinator 
tR-4 Project, Rutgers University 
Technology Centre of New Jersey 
681 U.S. Highway 1 South 
North Brunswick, New Jersey 08902-3390 
Tel (732)932-9575 ext 610 
FAX (732)932-8481 
braverman@aesop.rutgers.edu 
IR-4 Website www.cook.rutgers.edu/-ir4 

-----Original Message----· 
From: sysdeliv@fn3a.prod.fedex.com [mciilto:sysdeliv@fn3a.prod.fedex.com] 
Sent Tuesday, March 11, 2003 12:41 PM 
To: braverman@AESOP .RUTGERS.EDU 
Subject: FedEx shipment 791549921170 

Our records indicate that the shipment sent from Michael Braverman/IR-4 
PROJECT/RUTGERS U 
to Shanaz Bacchus/US EPA- BPPD Room 910 has been delivered. 
The package was delivered on 03/11/2003 at 11 :51 AM and signed for 
or released by T.BETTES. 

The ship date of the shipment was 03/10/2003. 

The tracking number of this shipment was 791549921170. 

FedEx appreciates your business. For more information about FedEx services, 
please visit our web site at http://www.fedex.com 

To track the status of this shipment onllne please use the following: 
http://www. f edex. com/cgi-bin/tracking ?tracknumbers= 791 549921170&act ion=track 
&la n guage=engl ish&cn try_ code=us 

Disclaimer 

FedEx has not validated the authenticity of any email address. 

• 

• 
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To: Shanaz Bacchus/DC/USEPAJUS@EPA 
cc: 

Mike Braverman 
<braverman@AESOP. 
RUTGERS.EDU> Subject: AF-36 efficacy and Aflatoxin data 

03/07103 03:00 PM 

Shanaz 

Thank you for your assistance in moving this forv1ard. AF·36 efficacy and 
Aflatoxin data are attached. I will FAX the 8570-1 form today and send 3 
hard copies on Monday. 

Have a good weekend 

Michael Braverman, Ph.D 
Biopesticide Coordinator 
IR-4 Projec!, Rutgers University 
Technology Centre of New Jersey 
681 U.S. Highway 1 South 
North Brunswick, New Jersey 08902-3390 
Tel (732)932-9575 ext 610 
FAX (732)932-8481 
braverman@aesop.rutgers.edu 
I R-4 Website. www.cook.rutgers.edu/-ir4 

f7l 
LJ 

Efficacy for Texas March 2003b.d 
-----Message from "Ramon Jaime" <RJaime@srrc.ars.usda.gov> on Thu, 6 Mar 2003 12:29:29 -0500 

To: "Peter Cotty" <pjcotty@srrc.ars.usda.gov> 
Subject: aflatoxin paper 

El . 
. 

n ·LJ 
aflat<?xln in south texas.d~ South Texas areas.pd percent over20.pd! probabil"lty of aflatoxin b&w.p, 

El El.· 
. . .. '. i'• 

'". 
aflatoxin b&w.pdf AF36coverletter2.wpc 
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Mike Braverman 
<braverman@AESOP. 
RUTGERS.EDU> 

To: Shanaz Bacchus/DCIUSEPA/US@EPA 
cc: . Subiect: AF-36 efficacy and Aflatoxin data 

03107103 02:48 PM 

Shanaz 

Thank you for your assistance in moving this forward. AF-36 efficacy and 
Af!atoxin data are attached. I wi!I FAX the 8570-1 form today and send 3 
hard copies on Monday. 

Have a good weekend 

Michael Braverman, Ph.D 
Biopesticide Coordinator 
IR-4 Project, Rutgers University 
Technology Centre of New Jersey 
681 U.S. Highway 1 South 
North Brunswick, New Jersey 08902-3390 
Tel (732}932-9575 ext 610 
FAX (732)932-8481 
braverman@aesop.rutgers.edu 
IR-4 Website. www.cook.ru1gers.eduf-ir4 

n 
LJ 

Efficacy for Texas March 2003b.d 
----- Message from "Ramon Jaime" <RJaime@srrc.ars.usda.gov> on Thu, 6 Mar 2003 12:29:28 -0500 

To: "Peter Cotty" <pjcotty@srrc.ars.usda.gov> 
Subject: aflatoxin paper 

.[5) ·u··· ·' ;: _· 
.. D . 

. 

aflatoxin 1n south texas de South Texas areas pd percent over 20.pdl probab11ity of aflatox1n b&w p1 

.l".j'l n 
LO LJ 

aflatoxin b&w.pdf AF36cciverletter2.wpc 

• 

• 
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To: Shanaz Bacchus/DC/USEPAJUS@EPA 
cc: 

Mike Braverman 
<braverman@AESOP. 
RUTGERS.EDU> Subject: FW: old msg/DW forms 

03/04/03 04:15 PM 

OOPS! here is the attachment 

Michael Braverman, Ph.D 
Biopesticide Coordinator 
IR-4 Project, Rutgers University 
Technology Centre of New Jersey 
681 U.S. Highway 1 South 
North Brunswick, New Jersey 08902-3390 
Tel {732)932-9575 ext 610 
FAX (732)932-8481 
braverman@aesop.rutgers.edu 
IR-4 Website www.cook.rutgers.edu/-ir4 

-----Original Message-----
From: Mike Braverman [mailto:braverman@aesop.rutgers.edu] 
Sent: Monday, March 03, 2003 2:42 PM 
To: Bacchus.Shanaz@epamail.epa.gov 
Subject: RE: old msg/DW forms 

Shanaz 

I beleive these were already covered in MRID 4530702, although not in 
combination with these forms, The data waivers are attached. Do I need to 
send this through front end as an ammended volume of MR\D 45307202 and 
45739103? . 

Please advise . 

Michael Braverman, Ph.D 
Biopesticide Coordinator 
IR-4 Project, Rutgers University 
Technology Centre of New Jersey 
681 U.S. Highway 1 South 
North Brunswick, New Jersey 08902-3390 
Tel (732)932-9575 ext 610 
FAX (732)932-8481 
braverman@aesop.rutgers.edu 
!R-4 Website www.cook.rutgers.edu/-ir4 

-----Original Message-----
From: Bacchus.Shanaz@epamail.epa.gov 
[mailto:Bacchus.Shanaz@epamait.epa.gov] 
Sent: Thursday, February 27, 2003 7:39 PM 
To: braverman@AESOP.RUTGERS.EDU 
Subject: old msg/DW forms 
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OW forms again ... scro!I down to the end of this message. · 
sh awn , 
----- Fof'Narded by Shanaz Bacchus/OC/USEPA/US on 02/27/03 02:47 PM-----

Shanaz Bacchus 
To: 

11/06/02 04:21 PM 
cc: 

Mike 
Braverman@aesop.rutgers.edu 

Subject: Aspergillus eco 
data 

waiver justification format 
reminder 

Mike: Just a reminder, I'm resending the email I had sent 9/20/2002 so 
that you fill out the forms below for the data waiver request 
justification for the following ecological effects studies, if you wish 
to req!_!est data waivers for the Section 3 registration: 

Wildlife mammalian 
Estuarine/marine non targets 
Aquatic invertebrates (Daphnia) 
Aquatic vertebrate (Fish) 
Terrestrial non targets (Plants) 

You may refer to previous reviews and submissions submitted for these 
studies in connection with the EUP as you complete the forms. 
Remember to include the reference #s 006456 for the active ingredient 
and the EPA Reg.# 71693-R in the transmittal letter subject heading. 

Adapt the forms to formalize the data waiver requests for health 
effects. In addition to using the reference #s 006456 for the active 
ingredient and the EPA Reg.# 71693-R in the transmittal letter subject 
heading, include the petition# 8E500 t. 

If you have any questions, do not hesitate to email/call me. 
Sincerely, 
sh awn 
Phone: 703-308-8097 
Fax: 703-308-7026 
-----Forwarded by Shanaz Bacchus/DC/USEPA/US on 11/06/02 04:04 PM-----

Shanaz Bacchus 
To: 

09120102 12:01 
PM cc: 

Mike 
Braverman@aesop.rutgers.edu 

Subject: Aspergillus eco data 
waiver justification format 

These OW formats are for ecological effects. Please adapt them for 
health effects .... and remember, only health effects for temporary 

• 

• 
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' 

Attachment #2: OPPTS Docket Verification and Certification Form 
I 

U.S. ENVIRONMENTAL PROTECTION AGENCY ,, ...... ~, 
OFFICE OF PREVENTION, PESTICIDES, AND TOXIC SUBSTANCES ; n ·1 

\l:WZ' (OPPTS) ~.,_,..,, 

1200 Pennsylvania Avenue, N.W., Washington, D.C. 20460 

I 
DOCKET VERIFICATION.AND CERT~FICATION FORM I 

For Internal OPPTS Use Only 

Title of Action: /) r;;:;/ //z'c'':f, :i" j.C •I lL5 /ti ('tl.5 /tf-36 ~ /;"'f.{Ht.f/i'l't/ fr1nrlf<{ i&t;t1.,/Fen1t,1,/-t1/a. 
. , 

RIN #: 2070- Docket ID #: Off'- ;J.00 3 - O / 3 f;' FRL#: 
Contact Information: Name: 511 (l.•t·t ti' z.. !3.a Ct /._.,, S Phone: JM ··J1:f!-EI tJ'} 7 

• Legacy Information: O/'!' Ji'O }- C'11fi. (! f!'Jvo 3- oo;Lo 
_, 

Program Lead's Vertification: I have reviewed the docket and verified 
the following: 

0 All of the documents idenliiied in 1he attached Oockel Index have been submitted to the 
appropriate Docket Manager fer inclusion in the docket identified above. 

I 0 Documents con:a1ning copyrighled, CBI or otherwise prctecled information have been identified 

I to allow for "special" precessing by the docket 
0 The material has been assembled in a useable form to support the document being published 

in the FEDEPAL REGISTER. 

~ Comments: lw ·r-:, c~ S:Lp))<i,. , Ct oc tl-<~<.f!;,'l- .,J 

Dale:~ Initials: Jf0J,,,,._<?Ji~-£~,;___ Phone: '/,;; 3-;?of ,fc:?7 

Docket Manager's Verificationla'nd Sign-off: I hereby confirm the 
following: 

0 The Docket ID # identified above rnatches cur records. 
D The documents identified in the attached Docket Index have been received by the Docket. 
D The documents have been properly precessed for inclusion in EPA Oockels. as appropriate. 
o/ 
q 

The documents ~ithrer already are in the dock~ are being process for inclusion in /he docket. 
Comments; rv v )~1f~ci-C-:- \YY .. 

-
L/ ! <::3 Signature: /:_ 

- ,, 
Phone:_hd _5--'··'7 <'-/St} Date: , ... 

~I 

Program Lead's CertificatiAn: rber;;;by certify that: 
0 I have completed the verification above. 
0 I have submitted to the OM all of !he documents lhat I identified n~ded to be updatecL er 

added 10 the docket. 
0 I have obtained the OM's sign-<:ift 
c The docket is complete and ready for pubtfc release. 
!" Comments: },,,1:.c s~· py,,:J~.>!: < .. -- -

Oa1e: '/ SignatUre: t· ,/ Phone. 
4/~>· {; _·:; ~;-- 0.,.. ,_r;;--t .. f---, .. c-'----{' ...... _ 7c;3-Jc€-S.D/ 7 , , '" I• 

, 

···········-----------------------------------------
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tolerance exemption, but Section 3 registration package needs 
eco/environmental effects OW request. 
Hope this helps. 
Sincerely, 
Shanaz Bacchus, Chemist 
USE PA/OPP (Mail Code 7511 C} 
Biopesticides and Pollution Prevention Division 
1200 Pennsylvania Ave., N.W. 
Washington D.C. 20460 
Phone: 703-308-8097 
Fax: 703-308-7026 
----- Foiwarded by Shanaz Bacchus/DC/USEPA/US on 09/20/02 11 :57 AM -----

Zigfridas 
Vaituzis To: Shanaz 

Bacchus/DC/USEPAJUS@EPA 
06/20/02 04:56 cc: 
PM Subject: Aspergillus eco data 

waiver justification format 

Shan: 

The attached file contains the format that shows how the registrants 
should justify any ecodata waiver requests. 

(See attached file: Waivers-format-2.wpd) 

Ll . 
. 

AF36Waivers-format-2,wp 
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Mike Braverman To: Shanaz Bacchus/DC/USEPA/US@EPA 
<braverman@AESOP. cc: 
RUTGERS.EDU> Subject: RE: old msg/DW forms 

03/03/03 02:42 PM 

Shanaz 

I beleive these were already covered in MRID 4530702, although not in 
combination with these forms. The data waivers are attached. Do I need to 
send this through front end as an ammended volume of MRID 45307202 and 
45739103? 

Please advise. 

Michael Braverman, Ph.D 
Blopesticide Coordinator 
IR-4 Project, Rutgers University 
Technology Centre of New Jersey 
681 U.S. Highway 1 South 
North Brunswick, New Jersey 08902-3390 
Tel {732)932-9575 ext 610 
FAX (732)932-8481 
braverman@aesop.rutgers.edu 
lR-4 Website www.cook.rutgers.edu/-ir4 

-----Original Message-----
From: Bacchus.Shanaz@epamail.epa.gov 
[mailto:Bacchus.Shanaz@epamail.epa.gov] 
Sent: Thursday, February 27, 2003 7:39 PM 
To: braverman@AESOP .RUTGERS.EDU 
Subject: old msg/DW forms 

OW forms again, .. scroll down to the end of this message. 
shawn 
-----Forwarded by Shanaz Bacchus/DC/USEPA/US on 02127103 02:47 PM-----

data 

Shanaz Bacchus 
To: 

11106/02 04:21 PM 
cc: 

Mike 
Braverman@aesop.rutgers.edu 

Subject: Aspergillus eco 

waiver justification format 
reminder 

Mike: Just a reminder, I'm resending the email I had sent 9/20/2002 so 
that you fill out the forms below for the data waiver request 
justification for the following ecological effects studies, if you wish 
to request data waivers for the Section 3 registration: 

• 

• 
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Wildlife mammalian 
Estuarine/marine non targets 
Aquatic invertebrates (Daphnia) 
Aquatic vertebrate (Fish) 
Terrestrial non targets (Plants) 

You may refer to previous reviews and submissions submitted for these 
studies in connection with the EUP as you complete the forms. 
Remember to include the reference #s 006456 for the active ingredient 
and the EPA Reg.# 71693-R in the transmittal letter subject heading. 

Adapt the forms to formalize the data waiver requests for health 
effects. In addition to using the reference #s 006456 for the active 
ingredient and the EPA Reg. # 71693-R in the transmittal letter subject 
heading, include the petition # 8E5001. 

If you have any questions, do not hesitate to email/call me. 
Sincerely, 
sh awn 
Phone: 703-308-8097 
Fax: 703-308-7026 
-----Forwarded by Shanaz Bacchus/DC/USEPA/US on 11/06/02 04:04 PM-----

Shanaz Bacchus 
To: 

09/20/02 12:01 
PM cc: 

Mike 
Braverman@aesop.rutgers.edu 

Subject: Aspergillus eco data 
waiver justification format 

These OW formats are for ecological effects. Please adapt them for 
health effects .... and remember, only health effects for temporary 
tolerance exemption, but Section 3 registration package needs 
eco/environmental effects OW request. 
Hope this helps . 
Sincerely,. 
Shanaz Bacchus, Chemist 
USEPA/OPP (Mail Code 7511C) 
Biopesticides and Pollution Prevention Division 
1200 Pennsylvania Ave., N.W. 
Washington D.C. 20460 
Phone: 703-308-8097 
Fax: 703-308-7026 
···-· Forwarded by Shanaz Bacchus/DC/USEPA/US on 09/20/02 11 :57 AM-···-

Zigfridas 
Vaituzls To: Shanaz 

Bacchus/DC/USEPA/US@EPA 
06120/02 04:56 cc: 
PM Subject: Aspergillus eco data 

waiver fustification format 
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Shan: 

The attached file contains the format that shows how the registrants 
should justify any ecodata waiver requests. 

(See attached file: Waivers-format-2.wpd) 

• 

• 
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Mike Braverman 
<braverman@AESOP. 
RUTGERS.EDU> 

03/03/03 08:40 AM 

To: Shanaz BacchuslDCIUSEPA/US@EPA 
cc: 

Subiect: RE: reprin\s 

I left them in your cubicle on your chair on Wed 2/26/03 at about 2:30 PM 

Michael Braverman, Ph.D 
Biopesticide Coordinator 
!R-4 Project, Rutgers University 
Technology Centre of New Jersey 
681 U.S. Highway 1 South 
North Brunswick, New Jersey 08902-3390 
Tel {732)932-9575 ext 610 
FAX (732)932-8481 
braverman@a es op .rutgers . ed u 
IR·4 Website www.cook.rutgers.edu/-ir4 

9 -----Original Message-----

• 

From: Bacchus.Shanaz@epamail.epa.gov 
[mailto:Bacchus.Shanaz@epamail.epa.gov] 
Sent: Saturday, March 01, 2003 10:45 AM 
To: Mike Braverman 
Subject: reprints 

Did you bring in the reprints when you were here fast Wed/Thurs? Sorry 
I missed you, I was down with stomach flu and worked at home most of the 
day on Thurs. If you didn't bring in the reprints, just send them to me 
by mail. .. wi!I provide support for the case when I create the final 
docket. 

Thanks 

Shanaz Bacchus, Chemist 
USEPA/OPP {Mail Code 7511C) 
Biopesticides and Pollution Preven!ion Division 
1200 Pennsylvania Ave., N.W. 
Washington D.C. 20460 
Phone: 703-308-8097 
Fax: 703-308-7026 
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Shanaz 

Mike Braverman 
<braverman@AESOP. 
RUTGERS.EDU> 

02/28/03 11: 17 AM 

To: Shanaz Bacchus/OC/USEPJVUS@EPA 
cc: 

Subject: RE: old msg/DW forms 

Got the format. ! already have this done but I noticed a few comments on 
that MR!D crosswalk sheet that probably need some further work. 

Thanks 

Michael Braverman, Ph.D 
Biopesticide Coordinator 
IR-4 Project, Rutgers University 
Technology Centre of New Jersey 
681 U.S. Highway 1 South 
North Brunswick, New Jersey 08902-3390 
Tel (732)932-9575 ext 610 
FAX (732)932-8481 
braverman@aesop.rutgers.edu 
IR-4 Website www.cook.rutgers.edu/-ir4 

-----Original Message-----
From: Bacchus.Shanaz@epamail.epa.gov 
[mailto:Bacchus.Shanaz@epamail.epa.govj 
Sent: Thursday, February 27, 2003 7:39 PM 
To: braverman@AESOP.RUTGERS.EDU 
Subject: old msg/DW forms 

OW forms agafn ... scroll down to the end of this message. 
shawn 
-----Forwarded by Shanaz Bacchus/OC/USEPAIUS on 02/27/03 02:47 PM-----

data 

Shanaz Bacchus 
To: 

11/06/02 04 21 PM 
cc: 

Mike 
Braverman@aesop.rutgers.edu 

Subject: Aspergillus eco 

waiver justification format 
reminder 

Mike: Just a reminder, I'm resending the email I had sent 9/20/2002 so 
that you fill out the forms below for the data waiver request 
justification for the following ecological effects studies, if you wish 
to request data waivers for the Section 3 registration: 

Wildlife mammalian 
Estuarine/marine non targets 

• 

• 
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Aquatic inverteb.rates (Daphnia) 
Aquatic vertebrate (Fish) 
Terrestrial non targets (Plants) 

You may refer to previous reviews and submissions submitted for these 
studies in connection with the EUP as you complete the forms. 
Remember to include the reference #s 006456 for the active ingredient 
and the EPA Reg.# 71693-R in the transmittal letter subject heading. 

Adapt the forms to formalize the data waiver requests for health 
effects. tn addition to using the reference #s 006456 for the active 
ingrediEint and the EPA R8g. # 71693-R in the transmittal letter subject 
heading, include the petition # 8E5001. 

If you have any questions, do not hesitate to email/call me. 
Sincerely, 
shawn 
Phone: 703-308-8097 
Fax: 703-308-7026 
··-·· Forwarded by Shanaz Bacchus/DC/USEPA/US on 11/06/02 04:04 PM-----

Shanaz Bacchus 
To: 

09/20/02 12:01 
PM cc: 

Mike 
Braverman@.aesop.rutgers.edu 

Subject: Aspergillus eco data 
waiver justification format 

These OW formats are for ecological effects. Please adapt them for 
health effects .... and remember, only health effects for temporary 
tolerance exemption, but Section 3 registration package needs 
eco/environmental effects OW request. 
Hope this helps. 
Sincerely, 
Shanaz Bacchus, Chemist 
USEPA/OPP (Mail Code 7511C) 
Biopesticides and Pollution Prevention Division 
1200 Pennsylvania Ave., N.W. 
Washington D.C. 20460 
Phone: 703-308-8097 
Fax: 703-308-7026 
..... Forwarded by Shanaz Bacchus/DC/USEPA/US on 09/20/02 11 :57 AM-----

Zigfridas 
Vaituzis To: Shanaz 

Bacchus/DC/USEPA/US@EPA 
06/20/02 04:56 cc: 
PM Subject: Aspergfllus eco data 

waiver justification format 

Shan: 
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The attached file contains the format that shows how the registrants 
should justify any ecodata waiver requests. 

(See attached file: Waivers-format-2.wpd) 

• 

• 
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Mike Braverman 
<braverman@AESOP . 
RUTGERS.EDU> 

06/17/03 10:36 AM 

Dear Shanaz 

To: Shanaz Bacchus/DC/USEPNUS@EPA 
cc: Peter Cotty <pjcotty@srrc.ars.usda.gov> 

Subject: Af36 cotton forage 

In regard to your question about the use of cotton forage and AF36, most 
cotton is defoliated so cotton forage would be an extremely minor feed item. 
Cotton leaves and stems would be left in the field and any cleaned out in 
the ginning process would also be dumped back onto the field. Any other 
remaining vegetation would be plowed under. Plowing under of all cotton 
plant debris is manditory under the boll weevil eradication program. In 
addition, cotton forage would not influence dietary exposure for the 
following reasons: 

1) There would be no secondary transfer of !he organism AF36 into milk and 
milk . 

2) Mamalian acute oral studies did not indicate any adverse effects ar:id the 
clearence of AF36 occured in both rats and birds. 

3) AF36 ls already naturally occuring in soils producing cotton, corn, and 
wheat so a cow eating any feed that has had any exposure with soil is 
already consuming AF36. 

4) AF36 only changes the composition of the A. flavus population in soi! and 
subsequently plant debris by decreasing A. flavus strains that produce 
aflatoxin. It does not significatly increase the total Aspergillus 
population 

5) AF36 is applied as a granule so it is not sprayed onto cotton foliage. 

Please let me know if there are any other questions. 

Thanks 

Michael Braverman, Ph.D 
Biopesticide Coordinator 
IR-4 Project, Rutgers University 
Technology Centre of New Jersey 
681 U.S. Highway 1 South 
North Brunswick, New Jersey 08902·3390 
Tel (732)932·9575 ext 6t0 
FAX (732)932-8481 
braverman@aesop.rutgers.edu 
IR-4 Website www.cook.rutgers.edu/-ir4 
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Shanaz 

Mike Braverman 
<braverman@AESOP. 
RUTGERS.EDU:> 

06/17/03 08:56 AM 

To: Shanaz Bacchus/DCIUSEPAJUS@EPA 
cc: Peter Cotty <pjcotty@srrc.ars.usda.gov> 

Subject: Al EPA 6/18/03 

I will be in meetings with Registration Division in room 315, Crystal Mall 2 
on Wed June 18 from 9:30 to 4:30. ! will be meeting with Teresa Downs on 
another submission at 10-11 AM. If we need to meet to discuss anything (or 
witness the signing?) about AF36 please let me know or come see me. J can 
leave the meeting if needed. I will only be here until 11 :00 today. 

Michael Braverman, Ph.D 
Biopesticide Coordinator 
IR-4 Project, Rutgers University 
Technology Centre of New Jersey 
681 U.S. Highway 1 South 
North Brunswick, New Jersey 08902-3390 
Tel (732)932-9575 ext 61 O 
FAX (732)932-8481 
braverman@aesop.rutgers.edu 
IR-4 Website www.cook.rutgers.edu/-ir4 • 

• 



.i *Personal privacy information* 

Mike Braverman 
<braverman@AESOP. 
RUTGERS.EDU> 

To: Peter Cotty <pjcotty@srrc.ars.usda.gov>, Shanaz 
Bacchus/OC/USEPA/US@EPA 

cc: ' 

06{16103 09:51 AM 
Subject: RE: AF36/cottonseed meal/cottonseed oil 

Shanaz 

In relation to questions A and B below ... 

A. See MRID 43763403 page 624 which is from a journal article: Influence of 
Field Application of an atoxigenic strain of A. flavus on the populations of 
A. flavus infecling colton bolls and on the aflatoxin content of coltonseed. 

There is no change in the total popuation of A. flavus compare to the 
control due to treatment with AF36 only the composition . In addition direct 
feeding in mamalian acute oral studies showed no adverse affect. 

Furthermore, the fungus is killed during oil extraction with organic solvent 
such as hexane, the leftover part is the cottonseed meal 

B. This is what constitutes efficacy. There is no increase in aflatoxin due 
to treatment with AF36, there is a decrease. See the same article cited 
above. Aflatoxin is not oil soluble and thats why it stays ~ith the meal. 

Michael Braverman, Ph.D 
Biopestlcide Coordinalor 
IR-4 Pro!ect, Rutgers University 
Technology Centre of New Jersey 
681 U.S. Highway 1 South 
North Brunswick; New Jersey 08902-3390 
Tel (732)932-9575 ext 610 
FAX (732)932-8481 
braverman@aesop .rutgers .ed u 
IR·4 Websile www.cook.rutgers.edu1-ir4 

-----Original Message-··--
From: Bacchus.Shanaz@epamail.epa.gov 
[maillo:Bacchus.Shanaz@epama il.epa.gov] 
Sent: Sunday, June 15, 2003 12:16 PM 
To: Mike Braverman 
Subject: RE: AF36/cottonseed meal/cottonseed oil 

Please bear with me, because I have not looked at the data submissions 
and I'm looking for hard data which may be already available. 
Does Peter have any data to show that: 
a. AF36, the fungus (hyphae, mycelia, conidia, etc.,) is not found in 
cottonseed meal and cottonseed oil? Or if there are data to show that 
Aspergillus is normally found in lhese food commodities, do they show 
that the levels of Aspergillus found in the controls are not any greater 
than those treated? 

b. aflatoxin levels in these food commodities (cottonseed meal and 
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cottonseed oil)do not change above background aflatoxin levels as a 
result of treatment with AF36? 

I am preparing the final documents for Janet to send up to Jim Jones for 
signature. It may a light call to give you final word from JJones on 
Wed. since I plan on putting the whole package on Janet's desk on Tues 
a.m. However, this week is it. As you can see, I'm working on it 
today, Sunday, proofing, editing, finalizing. You will get a chance to 
look at the BRAD befor~eb. 
Please call me at hom~1here I'll be working on Monday 
morning. 
Thanks for your patience and for answering all these nagging questions. 
Sincerely, 
Shanaz Bacchus, ChemisVRAL 
BPl;>D/OPP 
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Mike Braverman 
<braverman@AESOP. 
RUTGERS.EDU> 

06/13/03 10:52 AM 

To-EPA/US@EPA 
cc 

Subject: RE: AF36 

I pasted Peters previous message below which were the pounds of formulated material. 
The label states that the formulation contains 0.0008% a.i. so I took the nui:nbers 
below and mutiplied them by 0.000008 to get the pounds of a.i. 

Year Pounds Al 

1996 0.00896 

1997 0.03704 

1.998 0 .0398 

1999 0.8449 

2000 1.3601 

2001 1.5956 

2002 1.5039 

2003 1.6 

TOTAL 6.99 

PETERS PREVIOUS NUMBERS: .. .. .. ....... ... .. ...... .... .. ....... ......... .. .. .... .. ... . 

Following is requested data (as near as I can figure): 

Year Amou{lt Used 

1996 1, 120.00 

1997 4,630.00 

1998 4,980.00 

1999 105,624.00 

2000 170,009.00 
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2001 199,454.00 

2002 187,992.00 

2003 200,600.00 Projected 

1996 to 2003 873,809.00 Total 

Michael Braverman, Ph.D 
Biopesticide Coordinator 
\R-4 Project, Rutgers University 
Technology Cen\re of New Jersey 
681 U.S. Highway 1 South 
North Brunswick, NeW Jersey 08902-3390 
Tel (732)932-9575 ext 610 
FAX (732)932-8481 
braverman@aesop.rutgers.edu 
JR-4 Website www.cook.rutgers.edu/-ir4 

-----Original Message-----
From: Bacchus.Shanaz@epamail.epa.gov [mai!to:Bacchus.Shanaz@epamail.epa.gov] 
Sent: Thursday, June 12, 2003 5:10 PM 
To: Mike Braverman 
Subject: Re: AF36 

I am sincerely hoping that by June 18 I can hand you a registered label, 
registration notice, etc. Did you and Peter ever check the # lbs active ingredient 
used for the experimental years? Is that - 0.01 lb ai/acre = 10 lb EP? another 
way of saying this is: Does the estimate of the lbs EP used during the EUP = 
8738.og lb and does Peter have to manufacture 2000 lb ai for 2003? 

• 

So there's a way you can help me now (smile) and please reply ASAP (within the • 
next 24 hrs or less). 

Thanks. 

Sincerely, 

Shanaz Bacchus, Chemist 
USEPAIOPP (Mail Code 7511C) 
Biopesticides and Pollution Prevention Division 
1200 Pennsylvania Ave., N.W. 
Washington D.C. 20460 
Phone: 703-308-8097 
Fax: 703-308-7026 
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• 

• 

Mike Braverman <braverman@AESOP.RUTGERS.EDU> 
06/12/2003 03:34 PM AST 

To: Shanaz Bacchus/DC/USEPAIUS@EPA 
cc: 
bee: 
Subject: AF36 

Shanaz 

I noticed the FR notice on the A. flavus for peanut. How is it looking for 
AF36. I will be at EPA on June 18th if that helps anything. 

Michael Braverman, Ph.D 
Biopesticide Coordinator 
!R-4 Project, Rutgers Uriiversity 
Technology Centre of New Jersey 
681 U.S. H'1ghway 1 South 
North Brunswick, New Jersey 08902-3390 
Tel (732)932-9575 ext 610 
FAX (732)932-8481 
braverman@aesop.rutgers.edu 
IR-4 Website www.cook.rutgers.edu/-ir4 
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Mike Braverman To: Shanaz Bacchus/DC/USEPA/US@EPA 
<braverman@AESOP. cc: 
RUTGERS.EDU> Subject: AF36 

06/12103 03:34 PM 

Shanaz 

I noticed the FR notice on the A. flavus for peanut. How is it looking for 
AF36. I will be at EPA on June 18th if that helps anything. 

Michael Braverman, Ph.D 
Biopesticide Coordinator 
IR·4 Project, Rutgers University 
Technology Centre of New Jersey 
681 U.S. Highway 1 South 
North Brunswick, New Jersey 08902-3390 
Tel (732)932-9575 ext 610 
FAX (732)932-8481 
braverman@aesop.rutgers.edu 
!R-4 Website www.cook.rutgers.edu/-ir4 • 
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*Personal privacy information* 

Mike Braverman 
<braverman@AESOP. 
RU,TGERS.EOU> 

To: Shanaz Bacchus/DC/USEPA/US@EPA. Shanaz Bacchus 

06/09/03 08;12 AM 

Shanaz 

These are the numbers I received f ron:i Peter 

Following is requested data {as near as I can figure): 

Year Amount Used 

1996 1.1~0.00 

1997 4,630.00 

e 1998 4.980.00 

1999 105,624.00 

2000 170,009.00 

2001 199,454.00 

2002 187,992.00 

2003 200,000.00 Projected · 

1996 to 2003 873,809.00 Total 

Looking forward to the BRAD 

Michael Braverman. Ph.O 
Biopesticide Coordinator 
IR-4 Project, Rutgers University 
Technology Centre of New Jersey 
681 U.S. Highway 1 South 
North Brunswick, New Jersey 08902-3390 
Tel (732 )932-9575 ext 610 
FAX (732)932-8481 
braverm a.n@aesop.rutgers.edu 
IR-4 Website www.cook.rutgers.edu/-ir4 

-···-Original Message---·-
From: Shanaz Bacchus 
Sent: Friday, June 06, 2003 8: 11 AM 
To: Mike Braverman 
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Subject: AF36/last laps 

I hate lo be asking questions at the 9th minute, but do you have any estimate of how many 
pounds of AF36 were used during the EUP? 
I'm doing the final edits on the documents and plan to have them on Janet's desk on Tuesday. 
From there it's a breeze to Jim Jones, because the team has already concurred. I am now 
answering lawyer questions ... which prompts the question above. 
I'm compressed today, but will work on AF36 some of today and on Sunday to get it out as per 
schedule above. 
These are the parts of a package we send up to Janet and Jim Jones: 
t. BRAD 
2. FR final rule including docket sign-off 
3. Fact Sheet 
4. Label 
5. Your commitment letter 

. Janet signs the Registration Notice after Jim Jones signs off on ·1 and 2 above and we stamp the 
label, which officially registers the pesticide and enables your tolerance exemption. I will 
immediately inform you by phone and fax when JJ signs off. I will also send you the BRAD 
electronically for CBI clearance and putting on the web ... so it's got to be perfect. 

Does this help? Have a great weekend .. 
sh awn • 
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Shanaz 

Mike Braverman 
<braverman@AESOP. 
RUTGERS.EDU> 

06/02/03 09:11 AM 

To: Shanaz Bacchus 
Bacchus/DC/USEPNUS@EPA 

cc: Peter Cotty <pjcotty@srrc.ars.usda.gov> 
Subject: RE: NPOES statement/label 

A lot of this statement seems redundant. but I beleive all the changes you 
requested are in the label attached. 

Thanks. 

Michael Braverman. Ph.D 
Biopesticide Coordinator 
IR-4 Project, Rutgers University 
Technology Centre of New Jersey 
681 U.S. Highway 1 South 
North Brunswick. New Jersey 08902-3390 
Tel (732)932-9575 ext 610 
FAX (732)932-8481 
b raverm an@aesop. rutgers. ed u 
IR-4 Website www.cook.rutgers.edu/-ir4 

--·--Original Message-----
From: Shanaz Bacchus 
Sent: Sunday, June 01, 2003 10:08 PM 
To: M ike Braverman; Bacchus.Shanaz@epamail.epa.gov 
Cc: Peter Cotty 
Subject: NJ?DES statementJlabel 

Mike, this statement ought to be on the label under Environmental Hazards 
statements. It's for manufacturing use products and called the NPDES 
statement. In this case, AF36 is both the MUP and the EP. We all missed 
this ... I noticed it as I'm Finalizing the BRAD. 
I also noticed that there is a redundant spray drift statement 1 is above 
the Ag use directions box and 1 under Environmental Hazard statement. Can 
you merge these over the Ag Use Box? 

"Do not discharge effluent containing this product into lakes, streams, 
ponds, estuaries, oceans or other waters unless in accordance with the 
requirements of a National Pollutant Discharge Elimination System {NPDES) 
permil and the permitting authority has been notified in writing prior to 
discharge. Do not d ischarge effluent containing this product to sewer 
systems without previously notifying I.he local sewage treatment plant 
authority. For guidance contact your State Water Board or Regional Office 
of the EPA" 

Looks like you11 have to remove some of the white spaces. and mayoe use the 
Arial narrow font some more. 
Shawn 

----- Original Message ----· 

Shanaz 
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From: "Mike Braverman• <braverman@AESOP.RUTGERS.EDU> 
To: <Bacchus.Shanaz@epamail.epa.gov> 
cc: "Shanaz Bacchus" "Peter Cotty" 
<pjcotty@srrc.ars.usda.gov> 
Sent: Wednesday, May 28, 2003 3:05 PM 
Subject: RE AF36 Label/arial font 

> Shanaz 
> 
>The label looks fine. Please send me the BRAD for CBI review when 
available. 
> 
> Thanks 
> 
>Michael Braverman, Ph.D 
> Biopesticide Coordinator 
> IR-4 Project, Rutgers University 
>Technology Centre of New Jersey 
> 681 U.S. Highway 1 South 
>North Brunswick, New Jersey 08902-3390 
>Tel (732)932-9575 ext 6i 0 
>FAX (732)932-8481 
> braverman@aesop.rutgers.edu 
> IR-4 Website www.cook.rutgers.edu/-ir4 
> 
> -----Original Message-----
> From: Bacchus.Shanaz@epamail.epa.gov 
> [mail!o:Bacchus.Shanaz@epamail.epa.gov] 
>Sent: Wednesday, May 28, 2003 1 :1 S PM 
>To: Mike Braverman · 
> Cc: Shanaz Bacchus; Peter Cotty 
> Subjecl: RE: AF36 Label/arial font 
> 
> 
> 
> It printed out well. I dropped the R, in order to get it ready for 
> stamping, where we'll just put the 1 in. There was a duplicate "of' , 
>which I deleted, in the Ag use box. Also, in that box, I changed the 
:>: MSHNNIOSH prefixes to fit in wilh the order of the abbreviations, i.e. 
> MSHA TC 21 C before the N-95. In the label I added some commas, where 
>appropriate (gives you time to take a breath while reading ..... ) ... hate 
>to be so nit picking ... but it's now near perfection (smile) .. . 
>Now please look at it and let me know that this is the label you want 
> stamped .... put my initials near yours. 
> (See attached file: AF362pageCotty may28mbsb 2003narrow.doc) 
> For the other parts of the package: 
> 1. I am proofing the BRAD. As soon as it's signed, I'll send it to you 
>electronically, so that you can read it and certify that there is no CBI 
>in it...then we'll publish it on the internet. 
> 2. The FR office should be sending the typeset final rule soon .... and 
> it's getting ready to go up the chain ..... . 
> It does take a while to pull all pieces !ogether ... I had really expected 
> to get it final by now, but some delays were not within BPPD's 
> control...we do deal with different offices apart from OPP ... Neither 
>Phil nor I could have made things go any faster. 
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• 

> 
>Thanks for the quick turnaround. 
>Sincerely, 
> Shanaz Bacchus, Chemist 
> US EPA/OPP (Mail Code 751 i C) 
> Biopesticides and Pollution Prevention Division 
> 1200 Pennsylvania Ave., N.W. 
>Washington D.C. 20460 
> Phone: 703-308-8097 
>Fax: 703-308-7026 
> 

AF362pageCottyJune2mb2003narrow . 
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Shanaz 

Mike Braverman 
<braverman@AESOP. 
RUTGERS.EDU> 

05129/03 09:48 AM 

The ATCC# is 96045. 

There is no trademark. 

Michael Braverman. Ph.D 
Biopesticide Coordinator 
IR-4 Project, Rutgers University 
Technology Centre of New Jersey 
681 U.S. Highway 1 South 

To: Shanaz Bacchus/~ 
cc: Shanaz Bacchus ----Peter Cotty 

<pjcotty@srrc.ars.usda.gov> 
Subject: RE: ATCC #!Trade mark? 

North Brunswick, New Jersey 08902-3390 
Tel {732)932-9575 ext 61 0 
FAX {732)932-8481 
braverman@aesop.rutgers.edu 
IR-4 Website www.cook.rutgers.eduf-ir4 

-----Orig in al Message-----
F ro m: Bacchus.Shanaz@epamail.epa.gov 
[mailto:Bacchus.Shanaz@epamail.epa.gov] 
Sent: Thursday, M~y 29. 2003 8:44 AM 
To: Mike Braverman 
Cc: Shanaz Bacchus; Peter Cotty 
Subject ATCC #/Trade mark? 

1. More nit picking .... what is the A TCC #for AF36? 
2. Is AF36 a trade mark? If so, tt's not on the label as such .. . or 
anywhere else. Do advise. 
Thanks. 
Shanaz Bacchus. Chemist 
USEPA/OPP (Mail Code 7511C) 
Biopesticides and Pollution Prevention Division 
1200 Pennsylvania Ave., N.W. 
Washington D.C. 20460 
Phone: 703-308-8097 
Fax: 703-308-7026 
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Mike Braverman 
<bravorman@AESOP. 
RUTGERS.EDU> 

To: Shanaz Bacchus/~ 
cc: Shanaz Bacchus eter Cotty 

<pjcotty@sirc.ars.us a.gov> 

05128103 03:05 PM 
Subject: RE: AF36 Label/anal font 

Shanaz 

The label looks fine. Please send me the BRAD for CBI review when available. 

Thanks 

Michael Braverman, Ph.D 
Biopestlcide Coordinator 
IR-4 Project, Rutgers University 
Technology Centre of New Jersey 
681 U.S. Highway f South 
North Brunswick, New Jersey 08902-3390 
Tel (732)932-9575 ext 610 
FAX (732)932-8481 
braverman@aesop.rutgers.edu 
IR-4 Website www.cook.rutgers.edu/-ir4 

-----Original Message----
From: Bacchus.Shanaz@epamail.epa.gov 
(mailto:Bacchus.Shanaz@epamail.epa.gov) 
Sent: Wednesday, May 28, 2003 1:18 PM 
To: Mike Braverman 
Cc: Shanaz Bacchus: Peter Cotty 
Subject: RE: AF36 Labellarial font 

It pr inted out well. I dropped the R, in order to get it ready for 
stamping, where we'll j ust put the 1 in. There was a duplicate "of', 
which I deleted, in the Ag use box. Also. in that box. I changed the 
MSHA/NIOSH prefixes to fit in with the order of the abbreviations, i.e. 
MSHA TC 21 C b.efore the N-95. In the label I added some commas, where 
appropriate (gives you time to take a breath while reading ..... } ... hate 
to be so nit picking ... but it's now near perfection (smile) ... 
Now please look at it and let me know that this is the label you want 
stamped .... put my initials near yours. 
{See attached file: AF362pageCotty may28mbsb 2003narrow.doc} 
For the other parts of the package: 
1. I am proofing the BRAD. As soon as it's signed, I'll send it to you 
electronically. so that you can read it and certify that there is no CBI 
in it ... then we'll publish it on the internet. 
2. The FR office should be sending the typeset final rule soon .... and 
it's getting ready to go up the chain ...... 
It does take a while to pull all pieces together .. .J had really expected 
to get it final by now, but some delays were not within BPPD's 
control...we do deal with different offices apart from OPP ... Neither 
Phil nor I could have made things go any faster. 

Thanks for the quick turnaround. 
Sincerely, 
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------------------

Shanaz Bacchus, Chemist 
USEPA/OPP {Mail Code 7511 C) 
Siopesticides and Pollution Prevention Division 
1200 Pennsylvania Ave., N.W. 
Washington D.C. 20460 
Phone: 703-308-8097 
Fax: 703-308-7026 

• 

• 
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To: Shanaz Bacchu 
cc: Peter Cotty <pjcotty@srrc.ars.usda.gov>. Shanaz 

Bacchus/DC/USl;:PNUS@EPA • . 

Mike Braverman 
<braverman@AESOP . 
RUTGERS.EDU> 

Subject: RE: AF36 Label/arial font . 05128103 10:24 AM 

Shanaz 

Here it is with a narrow fool. From what I remember you had trouble viewing 
or printing this at work. The content is not changed, just the font. I have 
not changed the font on the critical size words such as caution or hazard 
statement. 

Hope this helps with the margins 

Thanks 

Michael Braverman, Ph.0 
Biopeslicide Coordinator 
IR-4 Project, Rutgers University 
Technology Centre of New Jersey 
681 U.S. Highway 1 South 
North Brunswick, New Jersey 08902-3390 
Tel (732)932-9575 ext 610 
FAX (732)932-8481 
braverman@aesop.rutgers.edu 
IR-4 Website www.cook.rutgers .edu/-lr4 

----·Original Message--
From: Shanaz Bacchu 
Sent: Tuesday, May 27, 
To: Mike Braverman 
Cc: Peter Cotty; Shanaz Bacchus 
Subject: Re: AF36 Label/arial font 

I forgot to add, did you try using arial narrow font for everything lo fit 
and give you some margins? 
sh awn 
----· Original Message -----
From: "Mike Braverman" <braverman@AESOP.RUTGERS.EDU> 
To: ''Shanaz Bacchus" 
Cc: "Peter Colly'' <pjcotty@srrc.ars.usda.gov>; "Shanaz Bacchus• 
<Bacchus.Shanaz@epamail.epa.gov> 
Sent: Tuesday. May 27, 2003 2:59 PM 
Subject: RE: AF36 Label 

> Shanaz 
> 
> I have included all the changes you requested. The only additional change 
I 
> made was to spell out the word-Worker Protection Standard on the first 
page. 
> 
> Let me know if there is anything else that needs attention. 
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> 
>Thanks 
> 
>Michael Braverman, Ph.D 
> Biopesticide Coordinator 
> tR-4 Project, Rutgers University 
>Technology Cenlre of New Jersey 
> 681 U.S. Highway 1 South 
> North Brunswick, New Jersey 08902-33go 
>Tel (732}932-g575 ext 610 
>FAX (732)g32·8481 
> braverman@aesop.ru!gers.edu 
> IR-4 Website www.cook.rutgers.edu/-ir4 
> 
> -·-·-Original Message-· 
> From: Shanaz Bacchu 
> Sent: Saturday, May 24, 2003 12: 13 PM 
>To: Mike Braverman 
>Cc: Shanaz Bacchus 
> Subject: Re: AF36 Label 
> 
> 
>Attached is a version I inserled the following in Word: 
> 1. 2nd line first page: When applied "to cotton". 
> 2. "Other ingredient:" near wheat seeds in ingredient statement. 
> 3. t did not include this, please do: in "See additional... .. s1a1ements" 
>below add "on other panel" because Environmental Hazards appear on 2nd 
page. 
> 4a. Over WPS box, please all the language from the page t had given you. 
> If yo\J have misplaced it, look at the Label Review manual for the 
>instructions for that box or email me. Check 4o cfr 156.206(a). 
> 4b. t moved the mixer/loader statement into Hazards to humans section. 
>Check 40 CFR 156.212(3}(c). In moving around some of the items, I may 
have 
>messed up the boxes, so please check them against your last 2-page Cotty 
>version. Do not repeat the statement in the "Directions for Use". 
> 5. Under "Ground Application": 1. Apply Asper ......... with a 
>cultivator ..... " and "DO NOT COVER AF36 COLONIZED WHEAT SEEDS WITH SOIL". 
> 6. Remove the statement "Spray drift.. .. to End-use Product". 
> 
> If any questions, do email me. 
>Sorry aboul all these multiple revisions ... just have to deal with alt 
>parties' commenls. 
>Have a great Memorial Day weekend. I'll be in the office on Tues, a! 
>meetings 10 a.m.-12noon. 
>Sincerely 
> Sh8naz Bacchus 
> 703-308-8097 
> 
> ----- Original Message -----
>From: "Mike Braverma GERS.EDU> ·- ....... .:. •·:: 
>To: "Shanaz Bacchus" 
> Cc: "Shanaz Bacchus" <Bacchus.Shanaz@epamail.epa.gov> 
>Sent: Monday, May 19, 2003 1:43 PM 
> Subject: RE: AF36 Label 
> 
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> >With help from Peter the label has been reduced to 2 pages without 
>deleting 
> >any portion. This will make it easier to fit on the bag. 
>> 
> > I didn't follow what you were saying about wheat so I didn't change 
> >anything related to that. If its still not right, please change in the 
>text 
> > so I can see it. 
>> 
> > t increased the font size of the Caution statement to 18 and the Keep 
out 
> of 
>>reach statement to size 12. 
>> 
> > The second place that had the word CAUTION is now incorporated into the 
> >section of the precautionary statement. 
>> 
>>Hope this works. 
>> 
>> 
>> 
>> 
>>Michael Braverman, Ph.D 
> > Biopesticide Coordinator 
> > IR-4 Project. Rutgers University 
>>Technology Centre of New Jersey 
> > 681 U.S. Highway 1 South 
> > North Brunswick, New Jersey 08902-3390 
> >Tel {732)932-9575 ext 610 
> > FAX (732)932-8481 
> > braverman@aesop.rutgers.edu 
> > IR·4 Website www.cook.rutgers.edu1-ir4 
>> 
> > -----Original Message----· 
>>From: Shanaz Bacchu 
> > Sent: Sunday, May 18, 
>>To: Mike Braverman 
> > Subject: Re: AF36 Label 
>> 
>> 
>>Mike. after looking at the label, I observed that the name Aspergillus 
> > flavus is misrepresented when caps are used {the species name "flavus" 
>uses 
> > toweer case. Accordingly, I changed it and italicized the name. Sam·e 
>minor 
> > changes were also made in the text, such as "colonized" wheat seeds 
>{please 
> >check if the word "wheat" as included) in order to clarify it is the A. 
> > tlavus AF3S colonized wheat seeds. Also inlcuded goggles, since primary 
>eye 
> >irritation study was waived. If later you wish to remove goggles, 
provide 
> > data or information to do so. In the registration notice, you will be 
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>asked 
>>to change the -R to 1. I will communicate when you have to do this. 
>Please 
>>check the label and let me know If you concur with the changes mentioned 
>>above. 
>>Thanks 
>> 
>> 
> > ·----Original Message·---· 
> > From: "Mike Braverm n" < 
>>To: "Shanaz Bacchu 
> > Sent: Friday, May 16, 2003 3:43 PM 
>>Subject: RE: AF36 Label 
>> 
>> 
> > > Have a nice weekend! 
>>> 
>>>Michael Braverman, Ph.D 
> > > Biopesticide Coordinator 
> > > IR-4 Project, Rutgers University 
> > > Technology Centre of New Jersey . 
> > > 681 U.S. Highway 1 South 
> > > North Brunswick, New Jersey 08902-3390 
>>>Tel {732)932-9575 ext 610 
> > > FAX {732)932-8481 
> > > braverman@aesop.rutgers.edu 
> > > IR-4 Website www.cook.rutgers.edu!-lr4 
>>> 
> > > -··-·Original Message··--
>>> From: Shanaz Bacchus 
>>>Sent: Friday, May 16, 2 
> > > Ta: Mike Braverman 

11 • i. J. 

> > > Subject: Re: AF36 Label 
>>> 
>>> 
>>>Worked like a charm, 
>>>thanks, 
> > > shawn 
> > > ----- Original Message -----
>>>From: "Mike Braverman• <braverman@AESOP.RUTGERS.EDU> · 
>>>To: <Bacchus.Shanaz@epamail.epa.gov>; 
> > > Sent: Friday, May 16, 2003 2:36 PM 
> > > Subject: RE: AF36 Label 
>>> 
>>> 
> > > > Shanaz 
>>>> 
> > > >I hope this attachment works .... 
>>>> 
>>>> 
>>>>Michael Braverman, Ph.D 
> > > > Biopesticide Coordinator 
> > > > IR-4 Project, Rutgers University 
>>>>Technology Centre of New Jersey 
> > > > 681 U.S. Highway 1 South 
>>>>North Brunswick, New Jersey 08902-3390 
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>>>>Tel (732)932-9575 ext 610 
> > > > FAX (732)932-8481 
> > > > braverman@aesop.rutgers.edu 
> > > > IR-4 Website www.cook.ruigers.edu/-ir4 
>>>> 
> > > > ---·Original Message-----
> > > > From: Bacchus.Shanaz@epamail.epa.gov 
> > > > (m ailto:Bacchus.Shanaz@epamail.epa.gov] 
> > > > Sen1: Friday, May 16, 2003 1 :24 PM 
> > > > To: Mike Braverman 
>>>>Cc 
Cotty; 
> > > > Phil Hutton 
>>>>Subject: Label 
>>>> 
>>>> 
>>>> 

Bacchus.Shanaz@epamail.epa.gov; Peter 

> > > > Mike, thanks for the label. I opened in Word. 
> > > > 1. The reentry statemen! was missing in the WPS box. 
> > > > 2. I induded a statement near the aerial application to show that 
no 
> > > > spray drift is expected, so that no one asks for spray drift 
> statements. 
> > > > Plea<Je align the statements under the Direc!ions for use and the 
>Active 
> > > > ingredient stalement. 
> > > > 3. In the Furrow irrigation statement: Furr.ow irrigating ...... will 
> > > > provide .... include ''will" or the verb. 
>>>> 
> > > > Proof and send in 5 f inal copies, i.e. the ones you would like 
>stamped, 
>>>>by FEDEX, as we discussed on the phone this morning. I really wish 
>the 
> > > > emailed one would work but our printers don't ever seem to do well 
> will1 
> > > > your Word documents either at work or home. 
::. > > > 
> > > > Thanks, 
>>>> 
> > > > shawn 
>>>> 
>>>> 
>> 
> 

AF362pageCotty may28mb 2003narrow. 
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*Personal privacy information* 

Mike Braverman 
<braverman@AESOP. 
RUTGERS.EDU> 

To: Shanaz Bacchus -
cc: Peter Cotty <pjco~naz 

BacchusfDCIUSEPA/US@EPA 

05/28/03 08:03 AM 
Subject: RE: AF36 commitment letter 

Shanaz 

I understood that Larry had faxed it on Friday, and also sent it Fedex but I 
have asked him to refax just to be sure. 

FYI the outline draft of the letter that I asked Larry to put on his 
letterhead is attached. I assume the letter he sent was identical or very 
similar. · · 

Please let us know if you receive his fax. 

Michael Braverman, Ph.D 
Biopes!icide Coordinator 
IR·4 Project, Rutgers University 
Tect'lnology Centre of New Jersey 
681 U.S. Highway 1 South 
North Brunswick, New Jersey 08902·3390 
Tel (732)932·9575 ext 610 
FAX (732)932-8481 
braverman@aesop. rutger s. edu 
IR-4 Website www.cook.rutgers.edu/-ir4 

-·---Original Message--
From: Shanaz Sacchu 
Sent: Tuesday, May 27, 2003 8:47 PM 
To: Mike Braverman 
Cc: Peter Cotty; Shanaz Bacchus 
Subject: Re: AF36 commitment letter 

Have you sent it in yet? I need to provide the commitment letler with the 
package for Office Director signature. If not, please have Larry fax me a 
copy ASAP. If you have already.sent it, then do ignore this message. 
Thanks. 
sh awn 

AF36conditiona1Dennis Szuhay.r 
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agg1·egate exposure to Aspergillus flavus AF36 
2. Infants and children. Based on the lack of toxicity and natural 

occurrence, there is reasonable certainty that no harrn to infants, 
chik1ren, or adults v.•i!I result fron1 aggregate exposure to Aspergillus 
flavus AF3G. Exempting Asperg1tlus flavus AF36 from the requirement of 
a tolerance should pose no significant risk to hun1ans or t11e 
environn1eni. 

G Effects on the trnmune and Endocrine Systems 

Aspergiilus ftavus AF36 is a naturalty occurring organisrn, which 
does not produce aftatoxin, and is thus safer tr1an the Aspergillus 
flavus isolates that produce aflatoxin. To date there is no evidence to 
suggest tt1at Aspergillus flavus AF36 functions in a rnanner similar to 
any knovvn horinone, or that it acts as an endocrine disrupter. 

H Efficacy 

Existence of aflatoxins in the environrnent is a public heaill• 
t•azard. Data 111ere submitted to den•onstrate that proper use of 
Asperg1llus flavus AF36 results in reductions in the average aflatoxin 
producing potential of fungi resident in tre;:iied areas and in 
reductions 111 tt•e quantity of atlatox1ns in crops. In field tests prior 
to 1996, the ;:iflatoxin content of cottonseed was sho1Nn to be inversely 
related to t11e proportion of the Aspergillus flavus comrnun1ty on t11e 
crop cornposed of Aspergillus flavus AF36. Detailed analyses of tl•e 
aflatoxin content of commercial fields fro1n 1996 through 1998 confirmed 
that re(luced afiatoxin levels \'/ere associated v'ith displacement of 
aflatoxin producers l)y Aspergi!lus flavus AF36 fron1 treated crops and 
that treatn1ents were associated v1iH• up to 90';~ reductions in crop 
aflatoxin content. 

Efficacy of applications of Aspergrtlus flavus AF36 in displacing 
aflatoxin produce1·s 1,vas demonstrnted for fungcil co1nrnunities both on 
cottonseed from treated crops at harvest and in soils of treated fietds 
1 year after treatment. This included cotton crops treated 1n 1996 (112 
acres treated), 1997 (463 acres treated), 1998 (499 acres), 1999 
(10,488 ac1·es), 2000 (16,725 acres), and 2001 (19,975 acres treated). 
The proportion of Aspergillus flavus communities cornposed of 
Aspergillus flavus AF36 indicates the extent to \Vhich aflatoxin 
producers were displaced_ In 1996 average incidence of AF36 on t1·eated 
crops \~·as 88.S'Yo and in the soil, 1 year after treatment, incidence of 
AF36 was 85.2~'"· Incidences of AF36 on treated crops were 78o/o and 67°/o in 
1997 and ·t 998, respectively, and in soil 1 year after treatment, AF36 
incidences v1ere 72~0 arid 77o/o, respectively. Successful displacernent was 
also observed as the acreage t1·eated ra11idly expanded from 1999 to 2001 
willt average incidences of AF36 on treated crops 1·anging fron1 57"/o in 
1999 to 66~'o in 2001. 

Aflatoxin-proclucing S strain isolates of Aspergillus flavus are 
prominent 1n soits of cotton producing areas of Arizona and south 
Texas. Tt1oy produce niore aflatoxins than other Aspergillus ftavus 
isolates such as the non-nftatoxin"producing L strain Aspergillus 
flavus AF36. Applications of AF36 during the experirriental program \vere 
effective at displacing tl•e h1gl• aflatoxin producing S strain of 
Aspergillus flavus During the co1ffse of the experrn1ental use program, 
Aspergillus flavus AF36 atso caused long-ierm reductions in the 
aflatoxin producing potential of fungal comn•unities in agricultura! 
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fields. Aspergi!lus ftavus AF36 retained atoxigenicity (failure to 
produce aflatoxins) upon repeated reisolation from treated fields 1, 2, 
or 3 years after treatment Thus, there was a long-term reduction in 
the potential of fungal communities to produce aflatoxins in treated 
areas. The average af!atoxin producing potential of Aspergillus flavus 
communities resident in soils of treated fields was reduced on average 
73% 1 year after treatment over the 3 year period (1996 to 1999). S 
str;:iin isolates, which produced very high levels of aflatoxins, with 
field averages ranging from 7, 100 ppb, aflatoxin to 22,700 ppb, 
aflatoxin, were effectively displaced. Their incidence was reduced from 
initially composing 46o/o of Aspergillus flavus soil communities to 
composing on average of 11°/o. 

t. Existing Tolerances 

The registrant'is not aware of any existing tolerances or toterance 
exemptions for Aspergillus f!avus AF36, other than the temporary 
tolerance exemption on-cotton (40 CFR 180.1206) in conjunction with an 
EUP, which expires on December 30, 2004. 

J. International Tolerances 

There are no Codex maximum residue tevets established for residues 
of Aspergitlus flavus AF36. Aspergillus f!avus AF36 containing products 
are presently not registered for pest control outside of the United 
States. 

(FR Doc. 03-3696 Filed 2-13-03; 8:45 am] 
BILLING CODE 6560-50-S 

You are currently subscribed to epa-pest as: BRAVERMAN@AESOP.RUTGERS.EDU 

To unsubscrlbe, send a .blank email to leave-epa-pest-48172G@lists.epa.gov 
OR: 
Use the listserver's web interface at https://lists.epa.gov/cgi-bin/lyris.pl 
to manage your 
subscription. 

For probtems with this list, contacf epa-pest-Owner@lists.epa.gov 

• 

• 
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Shanaz 

Mlke Braverman 
<:braverman@AESOP. 
RUTGERS.EDU> 

02/13/03 02:11 PM 

To: Shanaz BacchuslDC/USEPA/US@EPA 
cc: 

Subject: RE:Cotton/Lygus 

By "interest" do you mean involvement in developing· the technology, or do 
you mean support of the concept. 

Michael Braverman. Ph.D 
Biopesticide Coordinator 
IR-4 Project, Ru1gers University 
Technology Centre of New Jersey 
681 U.S. Highway 1 South 
North Brunswick, New Jersey 08902-3390 
Tel (732)932-9575 ext 610 
FAY. (732)932-8481 
braverman@aesop.rutgers.edu 
IR-4 Website www.cook.rutgers.edu/-ir4 

-----Original Message-----
From: Bacchus.Shanaz@epamail.epa.gov 
[mailto:Bacchus.Shanaz@epamail.epa.gov] 
Sent: Thursday, February 13, 200311:56 AM 
To: Mike Braverman 
Cc: Jamerson.Hoyt@epamail.epa.gov; kunkel@AESOP.RUTGERS.EDU; 
Forrest. Robert@epama ii . epa .gov; Jackson. Sidney@epama ii. epa .gov 
Subject: RE: Follow Up Issues to Alfalfa Growers Group Meeting/pest 

Mike, do you know if there is any ARS interest in a transgenic co1ton 
for control of lygus bugs? 

Shanaz Bacchus, Chemist 
USEPA/OPP (Mail Code 7511C) 
Biopesticides and Pollution Prevention Division 
1200 Pennsylvania Ave., N.W. 
Washington D.C. 20460 
Phone: 703-308-8097 
Fax: 703-308-7026 

Mike Braverman 
<braverman@AESOP.R To: Sidney 
UTGERS.EDU> Jackson/DC/USEPA/US@EPA, 

kunkel@AESOP.RUTGERS.EDU 
02/12/03 02:00 PM cc: Shanaz 

Bacchus/DC/USEPA/US@EPA, 
Hoyt 

Jamerson/DC/USEPA/US@EPA, 
Rober1 

Forrest/DC/US EP A/US@EPA 
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Subject: RE: Follow Up 
Issues to 

Alfalfa Growers Group 
Meeting 

Sidney 

Sorry I sent a blank before. My computer got ahead of me. 

Since there was interest in Prohexadione-calcium which is a plant growth 
regulator, I assume that is the type of product that they are interested 
in 
. One of the products Dan sent to you from our list Bacillus cereus is 
registered as a PGR on cotton. 
http://www.epa.gov/pesticides/biopesticides/ingredients/factsheets/factsheet 

119801.htm 

t did not find Bacit!us cereus as an individua! product , but it is a 
component of Pix Plus which is labeled on cotton. The Mepiquat chloride 
component is not a biopesticide 

h tip ://www .cdms .n el/manuf/ 1 prod .asp ?pd=3 706&1c=O 

We do not have anything specific for alfa!fa , although many 
biopesticides 
are labeled broadly and may contain alfalfa on the label. If there is a 
specific pest that they are interested in please let me know. 

Michael Braverman, Ph.D 
Biopesticide Coordinator 
IR-4 Project, Rutgers University 
Technology Centre of New Jersey 
681 U.S. Highway 1 South 
North Brunswick, New Jersey 08902-3390 
Tel (732)932-9575 ext 61 O 
FAX (732)932-8481 
braverman@aesop.rutgers.edu 
IR-4 Website www.cook.rutgers.eduf-ir4 

-----Original Message-----
From: Jackson.Sidney@epamail.epa.gov 
[mailto:Jackson.Sidney@epamail.epa.gov] 
Sent: Tuesday, February 11, 2003 1 :22 PM 
To: kunket@AESOP.RUTGERS.EDU; braverman@AESOP.RUTGERS.EDU 
Cc: Bacchus.Shanaz@epamail.epa.gov; Jamerson.Hoyt@epamail.epa.gov: 
Forrest.Robert@epamail.epa.gov 
Subject: Follow Up !ssues to Alfa!fa Growers Group Meeting 

• 

• 
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Dantrv1ike: 

I had an opportunity to participate in a n1eeting today with reps_ from 
subject Group. I spoke briefly on relevant current alfalfa 
pesticidefregulatory mal!ers including zinc phosphide and prot1exadione 
calcium pesticide regulatory schedules/initiatives, and mixed stands: 
alfalfa-grasses tolerance considerations. Croplife/IR~4 interests and 
efforts, etc. I neetl your t1elp regarding the following issues that 
came up and l1ope that you will respond/ fo!iow up 1,vit11 listed contacts 
and/or advise me. 

I. Dan. vvoulcl you have tt1e approprinte Director follow up? What pests 
are targeted by tl1e seed treatn1ent pesticide, prohexadione calcium? I 
'<Vas unable to locate that 1nforn1ation on IR-4's vvebsite \.'Jhich shows tt1e 
cl1en1ical slated for IR-4 research project - residue study. 

Tt11s inquiry carne fro1n Mr. tvlark VVagoner of VVagonc1 Touchet Farms, 
Inc., Touct1et, WA. Phone# is 

509-384-2970, cell: 509-520-1230, e-rnail: '-'lagoner@pocketinetcon1. 

2. Mike - Are there specific biopesticide researct1 
:nitiatives/controls !R-4 has planned or under development as prirnary 
or IP/\~ pest controls for use on alh<Jlfa (seed or forage)? What. if any. 
are potential regulatory issues? 

Inquiry fro1n 1vls. St1arie Fitzpatrick, Director of Rugularory 
Affairs & QA for Bfotech Traits, Forage Genetfcs tnt'I, 

\iVest Salem, WI, phone 608-786-2121, e-mail: 
s fitzp a trick@fora gegenetics. com 

Also, /\1r. Ross Nishihara wanted to knov1 if IR-4's annual budget has been 
aµproveri and •11l1at it 1s? This info n1ay be found on your 1.veb page which t 
referred participants to for specific IR-4 information. Mr. Ross is 
with Ridgev1e••1 Farms, Inc .. Adrian, OR, pt1one 541-339-4931, 
e-mail:rnis!1@widat10.net. 

fl' Tl1anks for your help, Siriney 

l 
i 
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Sic!ney 

RUTGERS.EDU> 

02/t2i03 02:00 P~,1 

cc: SIJCH13Z BacciluslOCIUSEPA!IJS@EPA. Hoyt 
JnrnersonlDCIUSEPr\tUS@EPA. F:ol10rt 
Forrest1DC!USEPA!US@EPA 

Subject. RE: Folio"' Up Issues lo Alfalfa GrD\VCrs \3rnup ~,100\inu 

Sorry I seni a blank before_ tvly computer got ahead of rne. 

Since there w.:is interes\ 1n Prohexadione-calciurn ~·1l1ich is a piant gro\vth 
regulcitor, I !2.SSu1ne Iha! is :he type of producl U1at ttiey 2re ;ntercsted in 

One of U1e prod\1cts D0n sent to you fron1 our list Bac1i:us cereus is 
registered as a PGR on collon. 
l1itp:/fvAvv1.epa.govfpest1cides/biopestici(Jesfi11gredie11tsifaclsheels/factsi1eet 
_,,1i9801,htrn 

I did not find Bacillus cereos as Bn individual rroduct , but ii is n 
con1ponent of Pix Plus \Vl1ich 1s lal)eled on cotton. The lv1epiqLJDI chlorl(Je 
con1ponent is not a biopesiicide 

1111 p .! /wv;\v. cdn1s .net/man uf/ 1 prod .asp? ptJ =3 7 06 &I C"'O 

V'le do not have anything spec1f1c for alfalfa , ait11ough 1n0ny IJiopesiicides 
ore labeled broadly 3nd 1nay contain alfalfa on the label. If \here is a 
specific pest thai !hey are 1n1ercsled in please let me knov1. 

1v1icl1nel Braverman, Ph.D 
Biopeslicide Coord:nalor 
iR-4 Project Rutgers \Jniversity 
Tecl1nology Centre of l\Je\t\' Jersey 
681 U.S. Highway 1 South 
No:U1 Bruns'NiCk, Ne1..Y Jersey 08902-3390 
Tel (732)932-9575 ext 610 
FAX (732)932-8481 
bi avermon@aesop.n rtgers .eou 
IR-4 Website \11i\V'/1.cook.ru!gers.edul-ir4 

-··--Original lv1essDge----~ 
Frorn: Jackson.Sidney@epomaii.epa.gov 
[ma i Ito :Jackson, Sid ney@e pa mail. epa, gov] 
Sen!: Tuesday, r:ebruary i 1, 2003 1 :22 Plv1 
To: l\unkel@AESOP.RUTGERS,EDU: bravern1an@AESOP.RUTGERS.EDU 
Cc. Bacchus .Shanaz@!epamail .epa .gov; ,larnerson.!-loyt@epan1ail epa .gov; 
Forrest.Robert@epama1Iepa.gov 
Subject: Follow Up Issues to Alfalfa Grov,1ers Group /'deeling 

Oan/~Aike: 

I had an opportu111ty io partic1pnte in a n1eeting today '.Vllh reps frorn 

J.:JH3~V HOll.:l310~d iV !N3WNOB1f.N3 S31 V lS 0311 NO 

3l.VO 

• 
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subject Group_ ! spoke briefly on relevant current alfalfa 
pesticide/regulatory n1atters including z;nc phosphicte and prohexadione 
calciu1n pesticide regulatory sct1edu!es/initiatives, and mixed s!Bnds: 
~ilfa!fB-grBsses tolerance considerations, Croplifei!R-4 interests and 
efforts, etc. ! neect your help regarding !he fo!lo'Ning issues that 
came up and t1ope ttint you ~v1!! respond/ follo•v up with listed contacts 
and/or advise me_ 

Dan, •.vou!d you have the appropriate Director fo!!ow up? What pests 
are targeted hy the seed treat1nent pesticide, prohexadione calcium? ! 
was unable to locate that information on !R-4's website w11ich shows the 
c!1em1cal siated for !R-4 research project - residue study_ 

Tl11s inquiry can1e fron1 /vlr. lvlBrk VVBgoner of VVagoner Touchet Farms, 
lnc., Touct1et, VVA. Pt1one #is 

509-394-2970. cei!: 509-520-1230. e-1nail: v1agoner@pocket1net.com. 

2. Jv!ike - Are U1ere specific b1opestic1de research 
1n1tiat1vesjcontrols lR-4 has planned or under devulopn1ent as primBry 
or 1Pk1 pest controls for use on Blhalfa (seed or forage)? What. 1f any. 
are potential regulBtory issues? 

Inquiry frorn t>.1s. Sharie Fitzpatrick, Director of Rugularory 
Affairs & QA for 81otecl1 Traits. ForBge Genetics lnt'!, 

VVest Salem, Wl, phone 608-786-2121, e-mail: 
s fitzpatrick@forageg eneti cs. con1 

Also, /vtr. Ross Nishihara ~'/anted to kno~·11f IR-4's annuBl budget has been 
approved and vvt1at it is? This info 1nay be found on your web page which l 
referred pBrtic1pB;--its to for specific IR-4 inforrnation_ Mr. Ross is 
v11th R1dgevie\v Farri1s. lrtc .. Adrian. OR, plione 541-339-4931. 
e-1nai 1- rn i st1@v1idaho. net. 

Tl1anks for your help Sidney 
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RUTGERS.EDU> 

02/12/03 0 1 :20 Pfv1 

t'.-1ichael 8raverm8n, Pl1.D 
Biopeslicide Coordinator 
IR-4 P1·01ect, Rutgers University 
Technuiogy Centre of Nevv Jersey 
681 U.S. l·!igl1;vay 1 South 

cc Sl1anoz BacchuslDCIUSEfJAJUS@EPA, Hoy\ 
JGn1erson/DC/USEPAJUS@EPf:.,, Roller! 
Forrct.t!OC/USEP/VUS@EPA. 1-•1agoner@pockerinet corn, 
s!itzpa!rick@tora11cqune tics.corn , rn1sh@v1ida ho, not 

Suhjecl: RE: Follov1 Up Issues to f,ltnlta Growers Group f;1ec1i11g 

North Brunsv/ick, Nev; Jersey 08902·3390 
Tel (732)932-9575 ext 610 
FAX (732)932-8481 
braverman@aesop.rutgeis edu 
IR-4 V-Jebs1te V./":-Av.cook.rutgers.edut-ir4 

-----Original Message-----
Fro1n: Dan Kunkel [rnallto:knnkel@AESOP.RlJTGERS.EDU) 
Sent: ·ruesday, February 11, 2003 5·14 PIJI 
To:.Jockson.Sidney@epn1"na1l.ep2.gov: bra1.cen·nan@AESOP.RUTGERS.EDU 
Cc. B;:icci1us .Sl1a11az@eparnail.epa.gov; Jamerson .Hoyt@epamail .epa .gov, 
Fori-est.Robert@epamail.epa.gov: wagoner@pocketinet corn; 
sfll.!µatrick(g)foragegenelics.con1: rnish@w1daho.nel 
Subject: RE: FoilO\V Up Issues \o Alfalfa Grov1ers Grotip lvleeting 

Hel!o Sidney, 
T11anks for tl1e information. 
Prohexadione calciu111 is a Planl Gro'.vtl1 regulator that BASF has It hns been 
used in fruit trees to decrease the arnounl of prunir.g_ As •veil ls helps to 
1·en1ove some diseases, as air flO'N through t11e trees is be\ter. Althoug\1 vie 
J12ve no! st<lrJed any researcl1vvith1h1s product, vie ti2ve received request. 
From our database it looks like the use for alfalfa 1.vould be to irrc1·ease 
leaves and probably make lhe alfalfa a bet)er teecl for livestock. 

Regarding the b1opesticides, I am attac11ing a prinlout of ail of our 
Diopestic1de p!"ojects \V1th alfalfa. tv1ichael is out of the office this \veek 
and \Viii lilce!y respond witt1 more inforn1ation on l1is re1urn, 

Regarding our budget. no it hus not be0n approved. VVe could get an 
increase, decrease or stay t11e san·1e - last year \Ve received ca $10 5 
tv1illion from our CSREES grant 

Bes! regarrJs, 
Don 

-.-.-.-.-.-.- -.•,-,-,-.-.-. 

J,:JN3:JV NOfl::l310Cld 1V1N3WNOHIAN3 S31VlS 03llNO 

• 

• 
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Daniel L. l<unkel. Ph 0 
IR"4 Project 
Rutgers University 
732/932-9575x616 
http:! /pes td ata. n cs u. edu/ir -4 I 

-----Original fdcssage-----
F1 0111: Jackson.Sidney@epan1ail.epa.gov 
[n1ailto:Jackson.Sidney@ep<imail_epa.gov] 
Sent: Tuesday, Februury 11, 2003 1 :22 PIV1 
To: kunkel@AESOP.RUTGERS.EDU: braverman@AESOP.RUTGERS.EDU 
Cc: Bacchus.Shanaz@eparnail.epa.gov; ,lamerson.Hoyt@epan1aii.epa.gov: 
Forrest. Robert@epam<i1 I. epa. gov 
Sub1ect: Follo•v Up Issues to Alfalffl Growers Group Mee!in9 

Dan/Mike: 

I had an opportunity to participa\e in a meeting today with reps. froni 
subject Group. t spoke briefly on relevant current alfalfa 
pesticide/regulatory matters includin9 zinc phosphide and prohexadione 
calc1urn pesticide regulatory schedules/initiatives, and mixed stands: 
alfalfa-grasses tolerance considerations, Croplife/IR-4 interests and 
efforts, etc. t need your help regarding the following issues that 
canie up 2nd hope that you vJill respond! follovJ up VJ1th listed contacts 
and/01 advise n1e. 

t Dan. vJould you i1ave the appropriate Director follovv up? What pests 
are targeted by the seed treatn1enl pesticide, protiexadior.e catciuni? I 
~vas unable to locate that information on IR-4's v1ebsite \Vhich shov1s the 
cheniical slated for IR-'1 research project - residue study. 

This inquiry canie froin ~v1r. Mark Wagoner of Wagoner Touchet Fanns, 
Inc., Touchet, WA. Phone# is 

509-394-2970, cell: 509-520-1230, e-mail wagoner@pocketinet.com. 

2. rv1ike - Are there spec;fic b1opestic1de research 
initiatives/controls IR-4 has planned or under developnient as primary 
or IPM pest controls for use on alhalfa (seed or forage}? Wt1at, if any, 
are potential reg\rlatory issues? 

Inquiry from Ms. Shane Fitzpatrick, Director of R\1gularory 
Affairs & QA for Biotech Traits, Fornge Genetics tnt'I, 

West Salem, WI, phone 608-786-2121, e-mail: 
s Ii tzpatri c k@fo ragegeneti cs. com 

Also. Wtr. Ross Nistiihara wanted lo know 1f IR-4's annual budget has heen 
approved and v1l1at it 1s? Tliis info inay be found on your web t)age \Vhich I 
referred partii;ipants to for specific IR-4 information. 1v1r. Ross is 
with Ridgeview Fo:·nis, tnc .. Adrian, OR, phone 541-339-4931, 
e-ni ail:i n1sh@\vidaho.net. 

Thanks for your lielp. Sidney 

---------
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*Personal privacy information* 

Shanaz 

Thanks. 

Mike Braverman 
<bravorman@AESOP. 
RUTGERS.EDU> 

02/06/03 09:14 AM 

Michael Braverman, Ph.D 
Biopesticide Coordinator 
IR-4 Project. Rutgers University 
T echno\ogy Centre of New Jersey 
681 U.S. Highway 1 South 

To: Shanaz Bacchus/DC/USEPAIUS@EPA, Peter Colly 
< pjcotty@srrc.ars. usda .gov> 

cc: Phil Wakelyn <pwakelyn@co!ton .o rg>, Larry Antilla 
<LAntilla@AZ cotton. com> 

Subject: FW: NOF's moving along 

North Brunswick, New Jersey 08902-3390 
Tel (732)932-9575 ext 610 
FAX (732)932·8481 
braverman@aesop.rutgers.edu 
IR-4 Website www.cook.rutgers.edu/-ir4 

-·-·-Original Message-----
From: Shanaz Bacchus 
Sent: Thursday, February 06, 2003 8:49 A 
To: Mike Braverman 
Subject: NOF's moving along 

Great news! 
Phil just called that he's signed off on the FR Notice of Filing and sent it 
up for fund appropriation. 

Have a great day! 
Shanaz Bacchus 

80 
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Shanaz 

Mike Braverman 
<braverman@AESOP. 
RUTGERS.EDU> 

02105103 04:10 PM 

To: Shanaz Bacchus/DC/USEPAIUS@EPA 
cc: Peter Cotty <pjcotty@srrc.ars.usda.gov> 

Subject: RE: Final Rule 

I'm not sure what you are asking for. ! faxed a copy of the docket 
index/release letter to you on Dec 20. Attached is the cover letter dated 
Dec 23, 2002 to which I attached the signed original. Do you now need an 
electronic version of the same information? 

Does it need to be repeated for the final rule versus the notice? 

When is the notice to be comming out in the FR? 

You also mentioned something last week about the Authorization letters. 
Those are below in Word Format. Please tell me how to modify if needed 

Michael Braverman, Ph.D 
Biopesticide Coordinator 
IR-4 Project, Rutgers University 
Technology Centre of New Jersey 
681 U.S. Highway 1 South 
North Brunswick, New Jersey 08902-3390 
Tel (732)932-9575 ext 610 
FAX (732)932-8481 
braverman@aesop.rutgers.edu 
IR-4 Website www.cook.rutgers.edu/-ir4 

-----Original Message-----
From: Bacchus.Shanaz@epamail.epa.gov 
[mailto:Bacchus.Shanaz@epamail.epa.gov] 
Sent: Wednesday, February 05, 2003 3:13 PM 
To: Mike Braverman 
Subject: Final Rule 

To get ready for the final rule, assuming that all goes well with the 
rest of the reviews, please get the docket release letter ready. This 
would involve classifying the efficacy and toxicology studies as 
non-CBI. If you have any questions about which ones should be 
releasable to the public, please call John Kough. 

Can you use the letter I had sent you for the release for the notice of 
filing, and insert the answers electronically so that we can put the 
list of studies as an electronic file on the net and not have to scan 
letters with handwritten notes? Also, please send me a hard copy with 
original signatures. Check the number of pages to make sure that the 
pagination is correct. (Rais, like registrants, now have to paginate 
things for the docket!) 
Thanks 

• 

• 
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Shanaz Bacchus, Chemist 
USEPAJOPP (Mail Code 7511C) 
Biopesticides and Pollution Prevention Division 
1200 Pennsylvania Ave., N.W. 
Washington D.C. 20460 
Phone; 703-308-8097 
Fax: 703-308-7026 .ITJ . ·: ·:·:;; 
AF36coverletter0oclndex.w~ AF36sec3AntillaAndersen.dl AF36sec3cottyAndersen.do 
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To: Shanaz Bacchus/DCIUSEPA/US@EPA 
cc: Peter Cotty <pjco!!y@srrc.ars.usda.gov> 

Mike Braverrpan 
<braverman@AESOP. 
RUTGERS.EDU> Subject: FW: NOF AF36 includes Efficacy for docket prep/please comment 

01/14/03 11 :05 AM 

Shanaz 

As per your request, I have discussed the aflatoxin reduction issue \Vi th 
Peter. Please see section H , bottom of page 11 in red color which contains 
2 new sentences. 

Michael Braverman, Ph.D 
Biopesticide Coordinator 
IR-4 Project, Rutgers University 
Technology Centre of New Jersey 
681 U.S. Highway 1 South 
North Brunswick, New Jersey 08902-3390 
Tel (732)932-9575 ext 610 
FAX (732)932-8481 
braverman@aesop.rutgers.edu 
IR-4 Website www.cook.rutgers.edu/-ir4 

-----Original Message---·· 
From: MikeBraverman[mailto:braverman@aesop.rutgers.eduJ 
Sent Friday, January 10, 2003 4:05 PM 
To: Bacchus.Shanaz@epamail.epa.gov 
Cc: Peter Cotty; Hutton.Phil@epamail.epa.gov; 
Kough.John@epamail.epa.gov; etsitty.carl@epamail.epa.gov; 

. Tomimatsu.Gail@epamail.epa.gov; Valtuzis.Zigfridas@epamail.epa.gov 
Subject: FW: NOF AF36 includes Efficacy for docket prep/please comment 

Shanaz 

I have incorporated Peters changes in the Efficacy seclion (H) of the NOF. 

Peter and I have been working back and forth between Word and WordPerfect, 
so I hope everything comes through formated ok. 

Peter is working on collecting journal articles. 

Have a nice weekend. 

Michael Braverman, Ph.D 
Biopesticide Coordinator 
IR-4 Project, Rutgers University 
Technology Centre of New Jersey 
681 U.S. Highway 1 South 
North Brunswick, New Jersey 08902-3390 
Tel (732)932-9575 ext 610 
FAX (732)932-8481 
braverman@aesop.rutgers.edu 
IR-4 Website www.cook.rutgers.edu/-ir4 

• 

• 
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-----Original Message-----
From: Mike Braverman [mi:iilto:braverman@aesop.rutgers.edu] 
Sent: Thursday, January 09, 2003 2:34 PM 
To: Bacchus.Shanaz@epamail.epa.gov 
Cc: Peter Cotty; Hutton.Phil@epamail.epa.gov; 
Kough.John@epamait.epa.gov; etsitty.cart@epamail.epa.gov; 
Tomimatsu.Gait@epamail.epa.gov; Vaituzis.Zigfridas@epamail.epa.gov 
Subject: FW: NOF AF36 includes Efficacy for docket prep/please comment 

Shanaz 

Sorry that I missed one part with USDA. I have corrected the NOF so it all 
reads on behalf of the AZ·Cotton Research and Protection Council. 

Peter - Please address the questions under section H. Efficacy 

Michael Braverman, Ph.D 
Biopesticide Coordinator 
IR-4 Project, Rutgers University 
Technology Centre of New Jersey 
681 U.S. Highway 1 South 
North Brunswick, New Jersey 08902-33gO 
Tel (732]932-9575 ext 610 
FAX (732)932-8481 
braverman@aesop.rutgers.edu 
IR-4 Website www.cook.rutgers.edu/-ir4 

-----Original Message-----
From: Bacchus.Shanaz@epamail.epa.gov 
[ma ii to: Bacchus .Sha naz@epam a ii. epa . gov] 
Sent: Thursday, January 09, 2003 2:17 PM 
To: Mike Braverman 
Cc: Peter Cotty; Hutton.Phil@epamail.epa.gov; 
Kough .John@epam a ii. epa. gov; etsitty. carl@epam a ii .epa .gov: 
Tomi matsu. G ail@epama il.epa. gov: Va it uzis .Z igfridas@epamail. epa. gov 
Subject: NOF AF36 includes Efficacy for docket prep/please comment 

Attached is the AF36 revised version including efficacy data as 
requested by John. I tightened up the acute tox data waivers a bit, 
since it was redundant. Just a few simple questions left in purple. tf 
you all agree on this version, t'll submit it for typesetting by Friday 
COB. Can you respond by Friday noon? 
{See attached file: NOF Af36 Sec3 for pub 03.wpd) 
Mike, the behalf section was a bit confusing. Are you submitting the 
petition on Peter's behalf and the Section 3 on behalf of AZ. Cotton 
Council (AZCC)? Or is it all on behalf of AZ. CC? 

Thanks. 
Sincerely, 
Shanaz Bacchus, Chemist 
USEPAJOPP (Mait Code 7511C) 
Biopesticides and Pollution Prevention Division 
1200 Pennsylvania Ave., N.W. 
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Washington D.C. 20460 
Phone: 703-308-8097 
Fax: 703-308-7026 

D 
NOF Af36 Sec3 for pub 03.w~ 

• 

• 
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Mike Braverman 
<braverman@AESOP. 
RUTGERS.EDU> 

01/10/03 04:04 PM 

To: Shanaz Bacchus/DC/USEPNUS@EPA 
cc: Peter Cotty <pjcotty@srrc.ars.usda.gov:>, Phil 

Hutton/DC/USEPNUS@EPA, John Kough/DC/USEPA/US@EPA, Carl 
Etsitty/DC/USEPNUS@EPA, Gait Tomimatsu/DC/USEPA/US@EPA, 
Zigfridas Vaituzis/DC/USEPA/US@EPA 

Subject: FW: NOF AF36 includes Efficacy for docket prep/please comment 

Shanaz 

I have incorporated Peters changes in the Efficacy section {H) of the NOF. 

Peter and I have been working back and forth between Word and WordPerfect. 
so I hope everything comes through formated ok. 

Peter is working on collecting journal articles. 

Have a nice weekend. 

Michael Braverman, Ph.D 
Biopesticide Coordinator 
IR-4 Project, Rutgers University 
Technology Centre of New Jersey 
681 U.S. Highway 1 South 
North Brunswick, New Jersey 08902-33go 
Tel (732)932-9575 ext 610 
FAX (732)932-8481 
braverman@aesop.rutgers.edu 
IR-4 Website www.cook.rutgers.edu/-ir4 

-----Original Message-----
From: Mike Braverman {mailto:braverman@aesop.rutgers.edu] 
Sent: Thursday, January 09, 2003 2:34 PM 
To: Bacchus.Shanaz@epamail.epa.gov 
Cc: Peter Cotty: Hutton.Phil@epamail.epa.gov; 
Kough.John@epamail.epa.gov; etsitty.carl@epamail.epa.gov; 
Tom im atsu. Gail@epamail. epa. gov; V aituzis. Zigfridas@epa mail. epa. gov 
Subject: FW: NOF AF36 includes Efficacy for docket prep/please comment 

Shanaz 

Sorry that I missed one part with USDA. I have corrected the NOF so it atl 
reads on behalf of the AZ Cotton Research and Protection Council. 

Peter - Please address the questions under section H. Efficacy 

Michael Braverman, Ph.D 
Biopesticide Coordinator 
IR-4 Project, Rutgers University 
Technology Centre of New Jersey 
681 U.S. Highway 1 South 
North Brunswick, New Jersey 08902-3390 
Tel (732)932-9575 ext 610 
FAX (732)932-8481 
braverman@aesop.rutgers.edu 
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IR-4 Website www.cook.rutgers.edu/-ir4 

-----Original Message-----
From: Bacchus.Shanaz@epamail.epa.gov 
[ rnailto: Bacchus .S hanaz@epam ai! .epa .gov] 
Sent: Thursday, January 09, 2003 2:17 PM 
To: Mike Braverman 
Cc: Peter Cotty; Hutton.Phil@epamail.epa.gov; 
Kough.John@epamail.epa.gov; etsitty.carl@epamai!.epa.gov; 
Tom im atsu. Gail@epa mail. epa.g ov; Va ituzis .Zigfridas@epam ail. epa.gov 
Subject: NOF AF36 includes Efficacy for docket prep/please comment 

Attached is the AF36 revised version including efficacy data as 
requested by John. I tightened up the acute tox data waivers a bit, 
since it was redundant. Just a few simple questions left in purple. If 
you all agree on this version, I'll submit it for typesetting by Friday 
COB. Can you respond by Friday noon? 
(See attached fi!e.: NOF Af36 Sec3 for pub 03.wpd) 
Mike, the behalf section was a bit confusing. Are you submitting the 
petition on Peter's behalf and the Section 3 on behalf of AZ Cotton 
Council (AZCC)? Or is it all on behalf of AZ CC? 

Thanks. 
Sincerely, 
Shanaz Bacchus, Chemist 
USEPAIOPP (Mail Code 7511 C) 
Biopesticides and Po!!ution Prevention Division 
1200 Pennsylvania Ave., N.W. 
Washington D.C. 20460 
Phone: 703-308-8097 
Fax: 703-308-7026 

•CJ 
NOF Af36 Sec3 for pub 03.w~ 

• 

• 
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Shanaz 

Mike Braverman 
<:braverman@AESOP . 
RUTGERS.EDU> 

O t/09/03 02:34 PM 

To: Shanaz Bacchus/DC/USEPNUS@EPA 
cc: Peter Cotty <pjcotty@srrc.ars.usda.gov>, Phil 

Hutton/DC/USEPA/US@EPA, John Kough/DC/USEPA/US@EPA, Carl 
Etsitty/DC/USEPNUS@EPA, Gail Tomirnatsu/DC/USEPNUS@EPA, 
Zigfridas Vaituzis/DC/USEPAIUS@EPA 

Subject: FW: NOF AF36 includes Efficacy for docket prep/please comment 

Sorry that I missed one part with USDA . .I have corrected the NOF so if all 
reads on behalf of the AZ Cotton Research and Protection Council. 

Peter - Please address the questions under section H. Efficacy 

Michael Braverman, Ph.D 
Biopesticide Coordiriator 
!R-4 Project, Rutgers University 
Technology Centre of New Jersey 
681 U.S. Highway 1 South 
North Brunswick, New Jersey 08902~3390 
Tel (732)932-9575 ext 610 
FAX (732)932-8481 
braverman@aesop.rutgers.edu 
IR-4 Website www.cook.rutgers.edu/-ir4 

-----Original Message-----
From: Bacchus.Shanaz@epamail.epa.gov 
{mailto;Bacchus.Shanaz@epamai!.epa.gov] 
Sent: Thursday, January 09, 2003 2:17 PM 
To: Mike Braverman 
Cc: Peter Cotty; Hutton.Phil@epamail.epa.gov; 
Kough.John@epamail.epa.gov; etsitty.carl@epamail.epa.gov; 
Tomimatsu.Gail@epamail.epa.gov; Vaituzis.Zigfridas@epamail.epa.gov 
Subject: NOF AF36 includes Efficacy for docket prep/please comment 

Attached is the AF36 revised version including efficacy data as 
requested by John. I tightened up the acute tox data waivers a bit, 
since it was redundant. Just a few simple questions left in purple. If 
you al! agree on this version, I'll submit it for typesetting by Friday 
COB. Can you respond by Friday noon? 
(See attached file: NOF Af36 Sec3 for pub 03.wpd) 
Mike, the behalf section was a bit confusing. Are you submitting the 
petition on Peter's behalf and the Section 3 on behalf of A2 Cotton 
Council (A2CC) ? Or is lt all on behalf of A2 CC? 

Thanks. 
Sincerely, 
Shanaz Bacchus, Chemist 
USEPA/OPP (Mai! Code 7511C) 
Biopesticides and Pollution Prevention Division 
1200 Pennsylvania Ave., N.W. 
Washington D.C. 20460 
Phone: 703-308-8097 
Fax: 703-308~7026 
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Shanaz 

Mike Braverman 
<braverman@AESOP. 
RUTGERS.EDU> 

01/06/03 03:33 PM 

To: Shanaz Bacchus/OC/USEPA/US@EPA 
cc: Peter Cotty <pjcotty@srrc.ars.usda.gov> 

Subject: Efficacy summary in NOF 

The NOF is attached with the efficacy summary near the end of the file. 

Peter-Thanks 

Michael Braverman, Ph.D 
Biopesticide Coordinator 
IR-4 Project, Rutgers University 
Technology Centre of New Jersey 
681 U.S. Highway 1 South 
North Brunswick, New Jersey 08902-3390 
Tel (732)932-9575 ext 610 
FAX (732)932-8481 
braverman@aesop.rutgers.edu 
IR-4 We~s.i'.e www.cook.rutgers.edu/-ir4 

-~ 
AF36Sec 3NOFNEW2.w1 
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·rcxas ,\griculiural Statistical Districts t-1ap h1tp://w\VW.1tass.ti~da.gov/tx/distn1ap2.h1n1 

Texas Agricultural Statistical Districts 
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.1 ex as tmgatco up1ano cotton Lounty r:sumaces ·iuu1 nup:11www.nass.usoa.gov1cXJcecocu1u.nrm 

• 

• 

l "f <; 

II 
I 

Texas Irrigated Upland Cotton County Estimates 2001 

District 
Code 

For Information Contact: Betty Johnson 
Link To: District Map 

" County 11! Dlstric~I Acreage I Acreage II :~~~:.=~ I ·1· 
FIPS , and I! Planted Harvested 11 Acre 1 Production 
Code I County . (acres) (acres) I (pounds) ' (bales) Ii 

l===ic[ =4=5=11~;iscoe- _- r 24,0o~][' 24,000 II 53~1 26,500 11 
i========~~========il 

I 65 !J Carson ii 5,ooo II 4,7oo]I 73511 7,200 I 
L 69 I! Castro - iL;8,ooiJ[ 77,900 ir- 95511 155,000 I 
I 117 II Deaf Smith ii 27,000 ii 23,000 II n2 II 37,000 j 

I 153 II Floyd II 125,500 II 120,600 II 65311 164,000 I 

11 I 189 Ii Hate ii 242,000 II 238,500 II 70811 352,000 11 
I 205 II ~artley . I[ t ,400][- 1, 1 ~I 65511 1,500 I 
I 369 ii Parmer II 70,000 I! 69,000 IJ- t,04311 150,000 I 
j 381 -jr-;;and~ll ....... - JI .. 2,-o;DJ! 2,00~·11-- - 6;-oJ1· 2,500 i: 
I 437 /1 Swisher jl 72,oooj[ 69,500 II 780 II 113,000 1 

ILJ1

1 
88~ Ii other counties IL~I 1,?00 I[- ~! 

I · [-===-JI District1-N iL~ooo jj 632,000 /I 768 
2,300 

1,011,000 

c:;--ir· Andrews .. l[--~.00~-w 8,200 r 585 10,000 

! 17 II Bailey !I 36,ooo II __ 29.'._~oo IJ 660 41,000 

~;-l[?o~~----l[:===7=1=.o=oo=J,,[:::=s=s=.o=oo=i/el~=:::::5:6=3:,1[
1

,,:==.:==:8=1=.=o=o==co=lj[ 
I 107 II Crosby -ii 136,000 I[ 98,000 /I 451 II 92,000 I 

12 11-~;~l[;;~; ·--1c· 5s.oo~I ===5=2=.5=;;;;-=ii"! =====6=2=2~!1[=====68=.o=o~o 11 

·1 165 11 Gaines IL 184,000 II 167,500 II 51911 181,000 I 

~'][~s~~~~----l[·-=-=;=;-=50=~"'1PI ===2=3=.;=;;=ije[==-====66=8=:1:1=====32=.o=o~o jj 

l'---·~L~_9_li Ho~k~Y _____ iL_1~s.0~11 __ 9_~000J[ 522 lj 100.000 ii 

d/Q/fl1 I?· I<; PM 
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.1exas Irngaten up1ana Lonon coun1y 1::s11ma1es LW! n11p:11www.nass.usaa.gov1tXJcecoru1u.nun 

I! 
I 11 

-- r Yield per -,--I 
Ii County I District Acreage Acreage Harvested 

Harvested 1
1 

Acre I Production 
I 

District FIPS II and 
II 

Planted 
Code I ·Code ! County (acres) I (acres) I (pounds) (bales) 

I ·11 Howard II 2.500 II 2.30011 41711 
I 

I 227 2.000 I 

I 279 II Lamb II 163,500 II 150,500 ii 75311 236,000 

I 303 II Lubbock ~1 171,5001~00011 44711 122,000 I 
L 305 JI Lynn II 80.500 II 35.800 11 38911 29,000 

I f[ Martin 
-

II 1 o.500 II 10,400 II 6~! 317 15,000 

I 329 II Midland II 8.000 II 7,000 II 480 II 7,000 

I I 445 Ter 125,500 119,000 387 96,000 I II ry 11 II 11 II • I 501 II Yoakum II 63,500 II 61,000 II 56711 72,000 

I 999 II Distdct 1-S ii 1,280,000 I 1,057,000 II 53811 1,184,000 

jl=3=3=-1=ilF=[ B=or=de=n =~I.I'= ==1,=50=0 :l:=I ==1=,5=oo"iJe===70=4 ]::=I ==2,2=oo=ill 
II 75 II ChBdress II 0011 6,100 II 70811 9,000 I 

ii Collingsworth II · 5,600 II 5,300 II 860 II 9,500 I 87 
'--~ ' ' 
I 1~1 Cottle Ii 1,800 II 1.800 II 66711 2,500 I 

I 125 II Dickens ll~I 3,100 11 32511 2.100 I 

• 
21 

r-~I Donley ii 4,700 II 4,600 II 522 IJ 5.ooo I 
11 I 

[ 169 II Garza II 12.200 II 10,600 11 54311 12.000 I 
I 191 II Hall II 8.200 II 7,800 11 67711 11.000 I 

I 197 !l Hardeman ·11 3.000 II .2.800 11 600 II 3.500 I 

I 345 I.I Motley 11 I, 2.200 II 2.00011 600 II 2.500 I 
I 483 II Wheeler I 1.300 II 1.200 ii 80011 2,000 11 I ii 
I 487 II Wilbarger II 1,000 11 · 900 II 69311 1,300 11 

I 888 II Other Counties II 300 j 300 11 640 II 400 I 
~--1~1 _l'-'--1 __ [f __ Jl~-~'LI __ ,. __ 

I 51,000 II I 999 District 2~N 48,000 I 630 63,000 

? nf <; d/Q/01 !?·!~PM 

- ----------------------- - ----.-- -
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. l exas tmgateo upiano cotton Lounty .bStimates tuvt nttp:11www .nass.usaa.gov1tx.1cecoru 1u.n un 

I 
If 

ii 'C Yield per r 
County ' Dtstrict Acreage Acreage II Harvested 

Dis1rict FIPS and I Planted Harvested Acre I Production 
Code Code County (acres) (acres) II (pounds) II (bales) I ' I 

'151 1r;.her Ii 2,200 II 2,200 11 87311 4.000 I, 

I 207 II Haskell ti 16,300 11 15,800 II 66811 22,000 II 

I 275 II Knox II 16.000 IL 16.000 11 84611 28.200 I 

I 335 Ii Mitchell [I 3000 II 3000 11 73611 4,600 I 
22 I 353 Ii Nolan II 2.700 II 2,500 II 691 1=-:3.600 I 

I I 399 IJ Runnels 11 1.400 II 14~1 5,1411 1.500 I 

I 415 II Scurr; II 1.400 II 1.400 11 51411 t.5oo 1 

• I 888 I Other Counties ii 2.000 II 1.700 11 73411 2.600 I 
[~I DiS1rict 2-S 

-· 
[i45,ooo II 44,000 II 74211 68.000 I 

LJI 
888 ·11 Other Counties II 2000 II 2.000 II 720 II 3,000 I 

I 999 II District 4 II 2.000 II 2.000 II 720 11 3.ooo I 
- ,. 1.000 I I 888 01her Coun1ies t,000 1,000 I 480 

1[Ji=I =9999 f :iF=DiS1=rict=5-N=ti,:= ==1.o9oo ifF===1,ooo==iiFI ==~1 :1= ====ll 480 II 1.000 I 

• j
l 41 II Brazos II 5400 I[ 5,400 II 

52 "'I =3=95="'i1·"'1 =Ro=b=e=rt,=o=n==J'ej ==18=.6=o=o~l['===18=,6=o=oc[:l====o:======:I 

I 999 II District 5-S II 24,000 IJ . 24,000 II 

800 11 9,000 I 
568 Ii 22.000 I 
620 r 31,000 I 

1,32411 24.000 I 
1.200 II 20.000 I 

I · 141 II El Paso II 9,000 II 8,700 II 
J[ 229 II Hudspeth ii--- 8~;00 Ii 8 ooo JI 

84911 11,500 ], 

591 II 6,40011 
60 IFI =3=71=,lel =P=ec=o'===i''el ==6,=5o=o=:J,IF===6,=5oo=:j:j====il==== 

I 389 II Reeves II 5,700 II 5,200 ii 
888 II 01her Counties j[ 800 II 60;-i[ 880 Ir 1, 100 !, 

1,04311 63.000 I 

~I 2,000 ·1 
I 999 II Districl6 II 30,000 II 29 000 II 

,I~ _7o~ll~li Conch°_____=:Jl~_1,6_oo~ll~ __ 1_,60_0 JI __ 

d./Qln"\ !?·l<iPM 
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. rexas tmgareo up1ana Lotton county tsumares ,:wt nup:11www. nass.usaa.gov1tX1ce:coru1u.ntm 

• 

• 

4 nf <i 

1

1 District 
1 

" 
--,, 

I 
I 

ii Yield per 
County District ii Acreage Acreage Harvested 

FIPS and 
fi 

Planted Harvested Acre Production 
Code Code County 

11 
(acres) (acres) (pounds) (bales) 

I 383 II Reagan Ir 11 7,400 .I 7,400 11 58411 9,000 I 

I 45t _ II Tom Green I 12.900 I 12.900 II 670 11 ta.ooo I I, 
1

1 Up1on 
~,--

5.300 I 6,100 'I 461 5,300 607 11 l1 11 11 
I 888 II Other Counties JI 6,800 11· 6,800 Tl 86811 12,300 I 
""'1 =9=99==:1:1=D=ist=ric=t 7===- 11F==34=.o=oo=:l:l==3=4,0=oo=illF====67=8 :1""1 ===48=,o==ioo 11 

n l 25 II Bee ii 1,400 II 1,400 II 1,02911 3,000 I 
I 51 II Burleson II 7,900 IC 7,900 II 711 II 11,700 f LJi 888 II Other Counties II 4,700 II 4,700 II 1,25611 12,300 

' 

I 999 II District 8-N II 14.000 II 14.000 II 92611 27,000 

iL:JI 409 II San Patricio Ii 7.000 II 7,000 11 1,23411 18,000 

II District 8-S 
i,! 7.000 II 

,, 
1,234 11 999 I: 1.000 II 18,000 

1.11 

llv~ctoria II 1.000 II 1.000 11 720 II 
! 

I 
I 

469 1.500 I 

. 90 I 
481 II Wharton Ii 5,000 JI 5.000 II 912 II 9,500 I II 

I I 888 II Other Counl!es I 1,000 
1
1 1,000 II 960 II 2,000 1

1 I 999 ii District 9 !I 7,ooo 11'='===7=,o=o=o~ll:===8=9=1 ~1'1===1=3,=oo=o=:I 

ll1F=5=07==llil=z=av=ala====o)lcl===2=,80=011====2,8=00=Hll====8=57=i!ij===5,=0o9o 11 
LJI 888 II Other Counties Ir 2,200 jj 2.200 II 873 // 4,ooo I 

I 999 II District 1 0-N 
1

11 5.000 II 5.000 II 86411 9.000 I 
<I 

I 61 lj Cameron ii 36.800 II 35.000 11 61711 45,000 I 

I 215 II Hidalgo ii 
" 

42.500 JI. 40.000 II 780 II 65.000 I 
11 ii Willacy !I 

7.600 II 5.900 11 732 If 9,000 I 97 489 II 
Ii 888 l Other Counties I[ 2.100 II 2.100 II 68611 3,000 I 

Ii 999 JI District 1 0-S II 89.000 II 83,000 11 70611 122.000 I 

4/Q/(\1, !?·I <i PM 
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I! 

I I 11--=rea~I Acreage 
lj:ield per 1/ I County District Harvested 

District FIPS 

I 
and 

1 
Planted Harvested . Acre I Production 

Code I Code County Ii (acres) I (acres) 1 
(pounds} (bales) 

I 99 II 999 II Texas 'I 
11 

! 
2,238,ooo I 1,987,000 I! 64311 2.661,000 I 

When less than 1,000 planted acres of dryland or irrigated crop are estimated for a county or district, 
the acres and production for both practices are induded in "other counties" or "other districts" to avoid 

disclousre . 

• 

• 

d/Q/n1 !?·I<> PM 
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r 
! 

Texas Non-Irrigated Upland Cotton County Estimates 
2001 

District 
Code 

For Information Contact: Betty Johnson 
Link to: District Map 

'
j II li f" - ii Yield per 11· 

i County Ii District ii Acreage , . Acreage ii Harvested 

II FIPS II and !!,I Planted )I Harveste_d I'\ Acre ii Production 
Code I County _ (acres} Ii (acres) ., (pounds) I (bales) 

IF=r ==i1'1==1F=[ =· ==-=:1''r1==::ili=;-=~1'1=='li=I =~II I! 45 I Briscoe ______JL 17,00011 15,400 ji 237 7,600 

I 65 ii Carson II 2,200 II 2, 100 II 43411 1,900 I 

I 69 II Castro 11 3:700]1 2,400 II 400 II 2,000 I 

I 117 II Deaf Smith II 8,000 II 6,700 II 39411 5,500 11 

153 /I Floyd 11 51,600 II 47,ooo II 25511 25,ooo 1
1 

r 189 11 Hale II 24,700 II 22,500 ii 416 ii 19,500 I 
11 ii -;~5 -lliartley - I[_~ 5.600 IL 2.200 r - 4151[ 1.9001 

369 ii Parmer ![-~I ~i 43311 3.700 I 
ir- 381 [I Randall _ Ji 2,20~L 1,700 Ii 31 1,500 I 
I ,, 

l/_~_:___I/ Swisher II 9,200 IL 9,000 11~==4=0o=li===7,=50=0=illl 
l[-;~;-11 Other ~ount;e~ I[ 2,40~L==9=0=0 '~jji===4=8o=!lil====90=00:ll 
r 999 !~strict 1-N /[ 131,000 IL 114,0~01: 32411===7=7,=0o=o=ill 

L 3 II Andrews - 1[ 19,100 IC 9,00011 1071[ 2,00011 

I 17 ii Bailey II 50,000 II 40,000 Ji 240 II 20,000 i 
1179 l~chran --ir - 61,60~[ . - 44,5oo1L===2=48=il'°'l==2=3=,oo=o=ijl 

[ 107 II Crosby ii 88.40'.'_]i 74,500 I\ t61 rl 25,000 I 
I 1-15 l[;a~son II- 2~3.~~o][- ;2,000 l! . ;1ol!. -·· 14,0001 

12 

[ 155 Ii Gaines il==1=o=a,=5o=ooi[ll==2=4=,o=oo=i/el ===1=8=0~1:1===9=,o=o=!o 1
1 

l'--==-"l'--_17_3_11 G;~;~ock IC:_: 68,900 ][_=_7_,o_oo_,:l!c' ==-2_0_6"1,[==-3_,o_o~o j1 

4/Clfll1. I?· I<;; PM 
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? nf F. 

District 
Code 

:I 

21 

County II District I 
FIPS and I 
Code 

1 
County 

1 

2~~ockley _Jj 
I 227 II Howard I! 

I 279 II Lamb II 

I 303 II Lubbock II 
I 305 II Lynn l! 

Ii 

I II Martin 1' 317 II 
I 329 11 Midland II 
I 445 II Terry II I 

I 501 II Yoakum 11 .I 

I 
11 " 999 I. District 1-S ii " I 33 "l[ Borden 11 ,. 

I 75 II Childress 11 
I I Collingsworth 

·,-
87 11 

11 

I 101 1r cott1e 'I 
11 

I 
' 11 Dickens II 125 

I 129 II Donley ~I 
f~I Garza -11 

11 
I 

_JI 191 II Hall 

Acreage I Acreage I 
Planted · - Harvested 

1 
{acres) (acres) I 

118.400 ii 73,500 
1
1 

126.000 1 23.000 I[ 
11 

19.500 II 42,400 

92,500 I 62.500 II 
219.000 II 74,500 11 

t~6.500 JI 15.000 II 

26,800 II 7,000 II 
140.200 II 69.500 II 

Yield per 11 

Harvested /I Acre 
(pounds) I 

22s jl 

125 II 

34511 
18411 
20911 
11211 
13711 
152 II 

83.700 II 26.500 IL 17211 
1,645,000 II 602.000 II 19611 

19,700 JI 4,ooo ]I 180 II 
33.300 II . 30.000 II 17611 
12.500 II 12.000 11 26811 
17.200 I[ 12,400 ll 1~1 

' 

21.~oo II 20.000 11 24211 
a.800 IL 7,600 II 360 II 

32.600 II 13.500 11 14211 
49.700 11 42.800 11 23611 

Production 
(bales) 

35,000 I 

6,000 I 
14,000 I 

24.000 I 
32.500 I 

3,500 I 
' 

2.000 I 
23.500 I 

9.500 I 
246,000 I 

1,500 I 

11.0001 
6,700 I 
3.500 I 

10.100 I 
5.700 I 
4,000 I 

21.000 I 11 
j 197 II Hardeman Ii 4,900Jr 2,500 II 192 [[ 1,000] 

lei =34=5="11il=M=o=t1e=y===il,I ==2=7=,7=oo=:ll==2=5,=oo=o='l,1===134==:l:1===7=,o=oo=:l1 
[~I Wheeler II 3,500 1c· 3,500 II 27411 2,000 1

1 
I 

l ___ JI 485 If Wichita j~j __ 1_8,_7o_o~f~l __ 8_,8_0_0,l"l ___ 19_1 l,l~ ___ 3_,5o_o~I, 

4/Qlf1~ l?·l'iPM 
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1. nf f, 

·rr----,,---,,------,,-----,,~---,~----,, 

II ' '1'1 I II Yield per I I 
District 
Code 

County ,I District 

11

1 Apc
18

renategde 
111

i Acreage I Harvested j I 
FIPS and Harvested Acre 

1

/ Production 

1

1 

Code ·I County 
11 

{acres) (acres) (pounds) (bales) . 

487 J/ Wilbarger ii 30,000 11 25.000 11 161 11 8.400 I 
I I 888 !I II 11 'I IL I j 01herCounties ii 1s,20o L 5,000 I 202 2,100 

fl 299,ooo 11==2=15=,o=o=o~l'I=· ===,=99=:11'===8=9;-0J=oo=o"'' [ 999 Ji District 2-N 

n,i~I Coleman 
I 151 ii Fisher 

I 207 II Haskell ii 79,400 II 76,000 II 202 II 32,000 I 
I 275 II Knox 11 13.500 11 , o.500 II 22911 5.000 i 
I 335 !I Mitchell II 55.600 II 40,000 II 180 11 15.000 I 22 
I 353 II Nolan 

JI Runnels l[ 55,900 II 50,000 II 20611 21,500 I 
I[ 63,000 11 51,000 IL 17911 19,000 II Ii Scurry I 415 

LJI 888 I! 01her Counties II 128,100 II 102,500 II 21411 45,600 I 

1 

"°[ =9=99==ili"° =o;=,,=r1c1=2=.s===1:i=[ ==52=5=,o=o=o ~1'1==44=6=.oo=o=i[i[ ===2=01=:[[1 ==,=87=.o=o=o=ill 

I I 49 II Brown II 2,200 I 500 II 19211 200] 
"1==77==i['[=c=1a=y====i\i[===,,=70=o=il·i=1===,.=oo=o=il[i====,44==ilii====3=oo=:l1 

30 I 417 II Shackelford !I 2,500 II 2,400 II 260 II 1,300 I 
I 447 l~::ickmorton II 3,400 I[ 2,500 II 15411 80~ 
IC==88~8 =:II 01her counties r-- 2.200] 1,600 ii 120 II 400 1 

I ===ie1
1

I =9=9=9 ==iii=[ =01=st=ric=1 =3 ==~lil==12=,o=o=o ~1,i=1::::=8=,=0=0=0:'1i='[ :::::=1=3=o:i1',1:::::=3=,o:o=o;::1 

l~[ =2=7==1,l=se=ll====~li=[==='·5=oo~l[1====1,5=oo~i:l====4=16=i[!l===='·=3o=iol1' 
1
1==8=5=1'11 =c=o1=1in====:i:=l==2.=9o=o=:ll:===2=.8=oo=:l,,I ===3=6=0=11:1===2=. 1=0~0 I, 

:I 119 Ii Delta _II 1,300 I[ 1,20~1 ~[ __ 1,10011 
40 

!I 139 /[~ _E_lli• ____ ~[LI __ 3_5_.o_o_~LI __ 3_4_,2_oo~i 01 ___ 44_1~ILI ___ 31_,4_0_0 II 

'1/Q/f11. I?·! 'i PM 
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District 
Code 

I County Ill Dis1rlc~-11--A-creage 
I FIPS I and 

1

1 Planted Production ii Code ii Coun1y _I (acres) (bales) 

Yield per 
Harvested 

Acre 
(pounds) 

Acreage 
Harvested 

(acres) 

I 217 [
1 

Hill lpr~.==2=3.=2o=o"'!rP==2=3=.0=00°"1:ol ===3=6}]=1 ':1===17=.3=0=:01
1 

231 IL Hunt II 3,500 I[ 3,400 I ;5~1 3,200 I' 
277 II Lamar I[ 2 900 11 2 900 II 364 11"'===2 2=0=0"1

1 

I ' ' Ii ' I I 

I 293 i! LimeS1one 3.000 II 3.000 II 400 11 2,500 I 
I 349 II Navarro _ 17.300 Ii 17,000 Ii ;;ii 12.000 I 
I 491 ii Williamson I 21,800 II 20,800 II 500 II 22.000 I 

I 888 ii 01her Counties II 20.soo I! 19.200 II 49811 19,900 I 

I 999 !I District 4 ii 133,000 II 129.000 II 42811 115.000 I 

Isl~ 
888 II Other Coun1ies 

11 7.000 II 6,000 II 480 II 6.ooo I 
I! Districi 5-N ii 7,000 I 6,000 I[ 480 I! 

·1 
999 6,000 11 

n1 
41 II Brazos II 2,400 2.100 II 480 11 2.100 I 

I II Rbbertson II 2.900 II 31411 t.900 I 395 3,100 

I 52 I 471 II Walker 
11 

1.300 I 1, 100 ii 52411 1.200 I 
r 888 II Othe-r Coun~G.2001[ 900 II 427'1 800 I I 
I 

:~r DiS1ric1 5-S I! 8.00011 7.000 r 411 6,000 I 

I 95 Jr concho I· 
11 27,300 ii 24,500 I! 186 Ii 9.500 1 

I 307 I/ McCulloch II 3.900 II 3.500 II 16511 1.200 I 

I 383 Jr Reagan II 30.800 II 1.200 11 320 Ji ~ 
I 

ii 413 Ii Schleicher 1,1 7.500 II 6,000 IL 39211 4,900 I 
I 70 

I II Tom Green II 74.800 11 66.800 11 25911 36.000 Ii II 451 

I [I 
I II Up1on II 12.000 II 40011 240 11 200 I I I 461 
I 

I 888 II Other Counties II 4,700 II 600 IL 320 II 400 I 

I 999 __ \! Dis1rict 7 IL 161,000 !I 103,000 ii 24711 53,000 J 
!i 

' 

d/Q/n1 J?·l'i PM 

~-------------- -- ---- ------------------------
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.. 
I I Ii 1 " I 

I 
' Yield per I I' I 

I 
County DiS1rlct I Acreage Acreage I Harvested I I 

Districj Fl PS I and 

II 
Planted Harvested I Acre , Production 

Code Code County (acres) (acres) (pounds) 
1! 

(bales) 
' 

n1 
15 [I Austin II 

4,300 11 2,60011 620 ]I 3,400 I Ii I 

I I 25 II Bee II 11.700 II -11.7~0 IL 431 11 1 o.soo I 
11 

lj Burteson 
,, 

3,20~1 3,10011 38711 2,500 I 51 _Ji 
I II 55 II Caldwell II 3.300 II 3,100 ii 44911 2,900 I 

IL :i 

ii 89 11 Colorado 11 
6.800 r---4. 1 ao 11 64411 5.500 I 

81 

ii II Goliad 
1; 

~II 1,500 II 480 11 1.500 I 175 " " " 
I 255 II Karnes 11 1,2~1 1.200 11 480 ii 1.200 1 

• I I 453 ii Trav~ ii 3.300 Ii 3,100 11 294 ii 1,900 I ,, 

'I II Other Counties II ' 
2,600 11 480 11 2.600 I 888 2,700 If ,, 

I 11 DiS1riC1 8-N I 38.000 II 33,000 II 46511 32,000 I 
11 

999 I 
" 

Ii 273 II Kleberg 
-,I 

43,300 II 18.000 II 42711 16,000 I 
II 11 

• 

I 

I If Nueces 11 144.600 IL 117.000 II 570 II 139.000 I I 355 

I I II Refugio II 41.200 11 
-· 

87511 74,000 I 391 40.600 II 
I 82 

I II San Pa1ricio 
,r 

12s,oo~[ 123,500 II 591 II 152.000 I 409 I 

:i 

ii 888 II 01her Counties -lls0~[ 90011-91 1.000 I 
'[ jj Dis1rict 8-S ' 355,000 [[ 300.000 II 611 II 382.000 II 999 II 

I Ii Brazoria 
---, 

7.700 II 7,700 II 69211 11.100 !I 39 11 

" 
I 57 II Calhoun II 27.500 II 25,800 IL __ ~1_· 36,700 [I 
I 239 II Jackson 11- 3S,500 II 30,500 !I 73811 46,900 ii 
I 469 11 Victoria 11 10.300 I[ 15,700 11 60511 

. 1' 
90 19,800 1' 

.I 

II II Wharton 
.,-

74,000 ti 70.500 II 783 [I 115.000 I 481 11 

11 
888 Ii Other counties 1)-- 95,00;-11 90,800 ii 732 II 138,500 ! 

I 999 ]f Dis1rict 9 [_ 25a.ooo I[ 241.000 ii 73311 368,000 11 

'inf I> d/Qln1 I 'J· I 'i PM 
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fi off.. 

c-l ii 
·county 

I District 

1 

District FIPS and 

11 
County · Code Code 

"-

I 131 II Duval 

96 I ·BBB JI Other Counties 

I II DiS1rict 10-N I 999 
I 

! 6 1 II Cameron 

11 I 215 !I Hidalgo 

11 
II Willacy 97 4B9 LJ[ BBB II Other Counties 

Ii I 999 II District 1 0-S 
I 

'I II J! Texas" 99 999 

1:-------1 
Ii I II Acreage 
i, Planted 

1 
lj (acres) 

IL 1,50011 

11 
II 20,500 II 
Ii 22,000 II 
I' 44 600 II 
1142,500 II 
11 

,, 
80,000 ii [, 

II 900 II 
II 
ii 

16B,OOO 11 

'I 

II 3,762,000 I 

II i 

Produ;i 

Yield per 
Acreage I Harvested 

Harvested 

I 
Acre 

(acres) (pounds) I (bales) 

900 Ii 4BO II 900 

17,100 IL 39611 14,100 I 
tB,000 ][ 

13 000 II 
B,500 11 

19,000 II 
500 11 

41,000 II 
2,263,000 II 

400 Ii 
r 

247 ]I 
2B2 II 
2021[ 
2BB11 

~I 

15,000 I I 
11 

6 700 

5,00011 

8,000 J 
300 I 

20.000 I 
I 

33911 1,599,ooo I 

II When less than 1,000 planted acres of dryland or irrigated crop are estimated lor a county or district, 

~-
the acres and production for both practices are included in "other counties" or "other districts" to avoid 

disclousre . 

4/0tn< l?·l'i PM 
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Further Comments on the Efficacy of Aspergillus flavus AF36 in Response to 
Questions received March 10, 2003, from USSEPA, OPP, Biopesticides and 
Pollution Prevention Division 

Peter J. Cotty, Ph.D., Research Plant Pathologist, USDA, ARS, SRRC, New 
Orleans, LA 70124. Phone: 504-286-4391 

Michael Braverman, Ph.D., Biopesticide Manager, IR-4, Rutgers University, New 
Brunswick, NJ 08902. Phone: 732-932-9575 

Applications of Aspergi//us f/avus AF36 seek to alter the A. f/avus communities 
resident in agricultural fields so that the non-aflatoxin (atoxigenic) strain AF36 is 
more common and highly toxigenic strains (such as the S strain) are less 
common. This results in reductions in the average aflatoxin producing potential 
of A. flavus communities associated with treated crops and resident in treated 
fields . 

These are the activities we claim for the product Aspergil/us f/avus AF36. We do 
not claim to reduce aflatoxin content to any given level. In some areas and 
years, aflatoxin content may exceed 2,000 ppb in the seed and a fairly successful 
displacement (80%) would only be expected to achieve a reduction to a level in 
excess of 400 ppb. Yet, in many cases, the industry and particularly the 
producer living on the farm, would view this as advantageous. 

Aflatoxin contamination of cottonseed is monitored in several ways in different 
areas. In general, it is carefully monitored going into dairy markets. The FDA 
does not perform this monitoring, although they .may do spot checks. Industry 
performs the analyses. Aflatoxin content of the milk is often monitored carefully 
and if toxin is detected (at 0.3 ppb) the dairies begin looking for the source 
(usually corn, cottonseed, or mile). If toxin exceeds 0.5 ppb, the milk must be 
dumped and the dairy is placed on quarantine. The liability for this generally lies 
on the provider(s) of the feed. 

·The FDA has different action levels for cottonseed going into different markets: 
• Cottonseed may only contain 20 ppb to be used for dairy cattle. 
• Cottonseed containing up to 300 ppb can be fed at beef feedlots (i.e. for 

finishing cattle). 
• Cottonseed meal intended for beef cattle, swine or poultry may contain up to 

300 ppb aflatoxin. 

Even cottonseed exceeding 300 ppb often has markets. It may be sold to an oil 
mill where the crush must be carefully monitored to maintain meal below 300 
ppb. This seed may be sold to cottonseed brokers that ammoniate the 
contaminated seed to reduce contamination or it may be sold to markets where 
vegetable proteins are so highly valued that process methods for dealing with 
aflatoxin contaminated seeds have been develop (Le. certain Mexican markets). 



104

• 

• 

The aflatoxin content of each lot of seed sold into these markets is generally 
known and identified. The quantity of aflatoxins influences the value of the seed. 
It is more difficult to ammoniate seed that exceeds 2,000 ppb than seed that is 
only 400 ppb. Seed with lower aflatoxin may be more valuable in secondary 
markets such as Mexico. Seed with lower aflatoxin is more likely to produce 
meal with aflatoxin contents acceptable for some uses. 

It is not unusual for aflatoxin contents to vary by several orders of magnitude 
between adjacent fields and across adjacent years. Thus it is not feasible to 
assess the impact of applications directly on aflatoxin contents. Instead we rely 
on measurements of successful displacement and on the experience of 
participating gins and producers. Typically, initial areas to be treated are those 
that have the severe problems wtth contamination. An example of this was the 
first farm we treated in 1996 that had 7,000 ppb the previous year. This selection 
of fields to participate by producers and gins further complicates the toxin view. 
Nevertheless, we can and have accurately measured displacement of aflatoxin 
producers and increases in the incidence of the non-aflatoxin producing AF36 on 
crops and in soils through both the use of repeated measures tests and analysis 
of variance in replicated trials. The relationship of this displacement to 
reductions in contamination has been proven in laboratory, greenhouse, and 
field-plot tests. In commercial field tests, models using cottonseed oil free fatty 
acid content as a measure of weathering have also supported this relationship. 
See report entitled "Report on Results of Experimental Program on the use of 
Atoxigenic Aspergillus flavus strain AF36 on Cotton Performed Under 
Experimental Use Permit 69224-EUP-1: Influences Applications on Communities 
of A. flavus Resident in the Soil of Treated Fields and Assessment of Stability of 
the Atoxigenic Phenotype of Aspergillus favus" (no MRID assigned). Efficacy 
data can also be found in MRID 43763405 Cotty, P. Hartman, C. (1995) 
Aspergillus flavus Isolate AF36: Product Performance Data. 

We are concerned over potential delays in reviewing the newly requested data . 
We are open to other ways in which to bring this review to a conclusion. While 
we do not view this as a public health pesticide we can also amend the label to 
remove the statements pertaining to reductions in aflatoxin and change the label 
claims only to include displacement of Aflatoxin producing strains of Aspergi/fus 
f/avus. By removing the claim for reducing aflatoxin, AF36 should certainly not be 
considered a public health pesticide so there is no need to review the efficacy 
data and the review can be brought to a conclusion. If efficacy is reviewed, it 
should be based on the reduction of toxigenic strains. 

The above mentioned report provides extensive evidence for the efficacy of 
Aspergi//us flavus AF-36 In reducing the proportion of the A. f/avus 
community composed of the S strain. The S strain produces very high 
aflatoxin quantities and is a very significant component of the A. f/avus 
community in both Arizona and South Texas. Information on the efficacy 
of AF-36 in modifying A. f/avus communities in Texas follows. 
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Efficacy of Aspergi//us f/avus AF36 in Texas: Results of Field Tests on lhe 2000 
and 2001 Commercial Cottonseed Crops, 

Peter J, Colly 
Research Plant Pathologist 
USDA-ARS-SRRC 
P.0, Box 19687, New Orleans, LA 70 t24 
504-286-4391 

In order to assess efficacy of soil applied Aspergi//us f/avus AF36 in South Texas, 
field tests were performed in commercial cotton fields at 9 locations throughout 
South Texas, Tesls exlended from Rangerville in lhe Lower Rio Grande Valley 
area lo El Campo in lhe Upper Coasl area. 

- -

l..ocaUons of South Texas Field Tests Jn 200_0 an_d 2001 ··• 

•=2000 
0=2001 

For each test from 0.5 to 1.0 acre of cotton was treated by hand by sprinkling lhe 
slandard wheat seed formulalion of Aspergilius flavus AF36 on the soil at the 
standard rate of 10 lb./acre. In all tests multiple atoxigenic slrains of A. flavus 
native to South Texas were evaluated. All strains were applied to the same area 
at the same rate in order to observe competition among strains and differences 
among strains in efficacy, Efficacy of aloxigenic slrains al displacing the highly 
toxigenic S strain and other native strains was assessed by characterizing the 
communities of fungi associated with the mature crop in both treated areas and 

-~ 
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in untreated control areas separated from the treated areas by 20 rows of 
untreated cotton (see field test design below). 

n = Untreated Area Sampled 
L~ D =Treated Area Sampled 

Untreated Samples Separated 
from Treatment Area by 

·· 20 rows of Untreated Cotton 

Long-term influences of atoxigenic strains of A. flavus have been observed in 
Arizona. Comparing the communities of fungi resident in the soi! just prior to 
treatment with the community present one year after treatment typically is used 
to assess this. Such comparisons determine if influences of treatments can be 
expected to provide a benefit to the environment and crops the second year by 
reducing the average aflatoxin producing potential of fungi resident in the field 
across multiple years. The potential for !ong~term influences of atoxigenic strain 
applications in South Texas was determined by analyzing the composition of the 
A. flavus communities in the soi! of treated plots prior to treatment, with the 
community structures one year after treatment. Similar comparisons were made 
contrasting soil in the untreated control plots. 



107

• 

• 

In these studies, three atoxigenic strains (AF36, BK, and ST02) were applied to 
the treatment area. Incidence of AF36 on treated crops in 2000 and 2001 
demonstrate efficacy of Aspergillus flavus AF36 at displacing aflatoxin producers 
during crop colonization . 

Both AF36 and the other two~atoxigenic strains evaluated were effective at 
spreading from the applied product to the crop and displacing aflatoxin producers 
during the process. Each strain was applied a single time at 10 pounds per acre. 
AF36 was the most effective strain in these tests. All strains had efficacy in 
displacing resident aflatoxin producers. 
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In all tests, AF36 also demonstrated the ability to spread within treated fields 
across untreated areas. This activity has repeatedly been observed in Arizona 
and is an aspect of the efficacy of AF36 in displacing aflatoxin producers. The 
goal of AF36 applications is to modify A. flavus communities so that they have a 
lower potential to produce aflatoxins. The tests in Texas demonstrate great 
efficacy of AF36 in achieving that goaL 
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An important aspect of the efficacy of AF36 in Arizona is the ability of 
applications to make cl1anges to the composition of A. f/avus communities in 
soils that are detectable even the season atter application. This allows the 
possibility of inducing long·term reductions in the aflatoxin-producing potential of 
A. f/avus communities resident in fields and thus provides the potential to get 
additive reductions over time. This allows for long~term reductions in the quantity 
of aflatoxins in crops and in the environment. 

Tests performed in Texas in 2000 and 2001 demonstrated excellent efficacy in 
producing long~term influences of atoxigenic strain applications similar to those 
seen in Arizona . 

Three tests in 2001 were also performed in which 8 atoxigenic strains were 
compared for efficacy in ability to competitively exclude aflatoxin producers. 
Aspergillus flavus AF36 demonstrated superior efficacy in these trials as well. 
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Interregional Research Project No. 4 
Center for Minor Crop Pest Management 

/ 

f)r_ .lane: :-\nderscn 
l~iopcsticide and Pollution Prci:i.:ntion D1v1sion 
En\·irnnnicntal Prtlll't:tion ,\gcncy 

N(1v<:n1bcr 12, 2oqf, <"'.--., 

·:-< ;._i·f I ~,_-

R_ooni 1)10, (~rystal l\~all 2 
1921 Jel1<:rson f)al'is I ligh1vay 
.1\rling1on, \ 1irginia 
(703) 308-R7 I 2 

RE: r\sp(·rgdlus fl;:\\·11s 1\f36 8E500 I 

_,).£ ~- ,_/ 

!'vhnutcs or lllCC!ing-Scc!ion 3 R.egistration l!p<lalc: November 7, 2002 

l~Pi\ l'artH:ipants- Shanaz 13acchus. John Kough, Zigrndas V:ntuzis 

Registrant ftclatcd Partit1)Xll11s- l)ch:r C:otl y-lJSD.-\! t\l<.S, Pin I \\'akelyn- Natinna I C:ouon C:ouncll, Lnn·y 
r\ntilln- .i\rizona C:ntlon C'ou1u.:il, l\1icll:iel 13rO\'Cnnan-1R-4 Project. 

f)car Janet: 

()n bch;;i I!' of the I JS 1):\.-'r\ IZS, N:i tional c:ouon C:onn1:il, :\riZ<ina Cotton I<.csearcl i nnd Protection 
C'ouncd an<l the 11<.-4 PrnJCCt, thnnks to your staffllir taking the ti1nc 10 incet 1vith lis nn Noven1her 7. 
2002 to discnss the secuon 3 registration I)( :\spergillus f1a1'us ,\F-36 . 

·rhe inost rccen1 pn.:vions Section 3 1net•ting 1\'<JS held on l\·lay 30, 2002 (ininutcs attached). Froni the 
pr<..'l'inus iTu:1:ting it \vas a!!recd that the studies needed to co1nplc1c 11u: rcgistra1ion pack;ige 1vcn: the 
t(ixiC1)logy studies, \Vlnch have no1v been subnl1ttetl. lt \Vas :.ilso agreed that soinc of the current El)P 
lahcl language \vas <lne to the lack of toxicology data at the tinic the label 1vas approved .. 'file goal for 
conipletion of the section 3 registration \vas stated as Fehruary. 

1'he inost hnportant points to dra\v frnni the discussion nn Noveniher 7'i. :ire ;is fnllo11·s: 

I. 'fhe strong dc.:;ire nf hnth parties \\;:is clearly exiiresset! th<it the section 3 should be 
cnn1pletcd in tinie to a\'nid the need ror another EllP. 

2 . ..-\ niinininni of 40,000 :1crcs \ras needed for 2003 through n Section 3, conditional 
registration or EllP or \\'e are in llanger oflnsing this technolngy. 

'l(•ehnnlligy ('eli1re of Ne\V Jersey 
6XI lJ.S. 1'ligh1v:1y //l South• North Bn1nswick, NJ 08902-3390 • 732/932-9575 • F:1x: 732/932.-8"181 
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Plnl \\'al(c:lyn began the n1ecting by highlighting tlrc irnportancc ul"1his pruJcCt to the cation industry and 
ho\V \\'!despread the allatoxrn prob!e1n \Vrts rn 2002 for all \'fops, L)l·spnc over ! 00 n1illion Uo!lars having 
hl:cn i111'Cstcd i11 allaHrxin rcscnrch since 1990 there have been no cfiCctivc conlrol 111e'1SI1rcs de\'eloped 
except !'or atoxrgenic strain (."\F-J(r) technoh;)gy. (~otty con1n1cntcd that n1 addition to co1tonsccd 
problc1ns n1 2002, there \Vcrc scYerc problcn1s in corn and this extended into the n1id-\vest as far as 
Nebraska as \Vcll as dC\'CtS!a!rng the corn crop in South 'fcxas. L<!rry /\ntilln described the drrc natun: of 
the project and 1hat delay in registration had eroded gf(I\VCr confidence in the proi;,rra1n's potential. 'TI1c 
lack of a section 3 reg1s1ratinn in time for the 2003 co1ild mean the lack of gro\ver involYcn1cnt and 
1nadcqllntc financial support for the prod11ction facility. i\ 1ninin1u1n of 40,000 acres is needed 10 keep1he 
oper:l1il)l1 func11onal and to keep the early adopters of the progrnn1. 

'.vl1chucl Braverman n1entioned that all the he<i.hh crfctets und cco tox data h~rd been sub1ni!!ed and 
nx·n11lincd tire studic~ involved. Shanaz and l'vlichnel hnd lllC! earlier in the d:iy lo discuss the 
orgun1zat1on o{ 1be subn1iss1on and cleared up questions about son1e of 1he signature issues \l'I1 h rcresa 
IJl)\\·ns. iv1R_ll) nurnbcrs have nnlY been assigned to the previously re1cc!ed \'rrlun1cs. ·rhe !VIRID nunrbcrs 
\'ulild also be used in Jev.;Jop1ng and ~11b1nitting an lndcx ,;if L1ocurnents. !vl ichael Braverman queslrono.:d 
lrOlV ilrc rev1el\' tnne \\·ould he rntluenced by Jn internal r<.'.l"IC\\- \'Crsus a contract revIC\VCr. l! \\'(IS slated 
1ha1 the turn around 11111e frJI eo1nracl ncvIC\\'l'rs \v;1s 6 \\'eeks and the ccoln,eical effects studies 1\·.:n:: 
go111g ou1 tha1 day. 'J'hc need 10 siill rt{onnal sonic of1he da1a \\·ai\'er requests \vas also d1sc11ssed and 
Z1gfndas \'a1n1zis n1entioncd the need to better a\ldress the r~culog1e<il Effects data \\'l!rvcrs, n1ore 
spcci!lt.:ally estt1r1nc. 111anne cnv1ronn1cnts and daphn1a. 1 lc also n1cnt1oned the need to cxplail1 \vhy tl1c 
av;tin .~tudy \\'US peri"or1nl~d us111~ intratracheal rn~ullauun and questioned the: applicabii11y of the 
eun1pliancc stntcn1cnt to 1;.S, (lLP's. 

·rhroughnut the d1scuss1nn the strong: desire of bu1h parties \\·as cl cnrly cxpress.:d th::it the section J 
:-;l1ould be corr1plc1cll to '1\'0id the need for another ElJP. r\no1hcr ElJP \vould t1nnccessarily use the 
rts(1Urccs of all parucs that are needed io b,; directed tu gclln1g the S.:ctlon :I finished in '.i tin1ely 1nanner. 
('ons1denng_ the current El1l' \vas sub1ni1tcd in Janu:rry of2002 and lVas not approved until .July, 2002 ( 
since lreal1ncn1s ntcd Ill he rn~rJe rn l\J:ry, J( lVaS 1101 possible lo rnake tre::itn1ents 1n l'cx:rs rn 2002) there 
\va,:; contcrn that a delay· 111 Slibtn1un1g an J:Ul' to cover a1 least 4tl, 000 acres rn _,-"\rizonn n1ay result 1n no 
change tor tht: 2003 scasun_ 

L:ibel language \Vas discussed III dctarl. ;\dd1tion l)f2,tlOU acres 111 South "ft:xas had resulted 111 \drat 
appeared to be d1sproportion11h·ly large r.:h<!ngcs to 1hc h1\!!;'l l:tnguagc. Son1e of1l1e language had beco1n.: 
111uch 1norc 1cst1·icl1vc anJ cunfusing. l'he n1can1ngs of so1ne nf the label language \\'as nnclcar an<l EP;\ 
par11c1pa111s assured (he i11dus1ry rcpresenta1ivc:-; th;t! they \Vuuld provide an 1nlerpn:1a1ion for the 
questioned purlrons. It \Vas agrccd tlutt ii shonld be pussible to an1end tho: label rur the 2t)t)3 sea.sun o:vcn 
t\'IlhOlll a nc\V J_~l_iP. 

·rhc nvcrall desire to con1plek: the Section 3 rather than s11bn1it ano1her ElJP \V~,s reverberated but 
ieinpc:red \vi1h the concern o\·t:r the disruption that \vould be C'.!.llsed if the Section 3 \\'Cre not con1pletc. 
·rhe general feeling of the :\r1z:on:i ('o!!on Research and Pnnecnon (~ouncil \\'US guarded op11n11srn based 
on a sincere effort expressed hy 13PPf) to con1plctc the secnon 3 hy Fcbru;rry. Consequently the 
dcc1s1on 1l! proceed \vitlr an El)P \\'ill depend on reasonable progress on the section 3 coupled \\<ith 
greater tirmnes:s in the proposed curnplction date as the revie\v of1he toxicology data progresses. Shanaz 
Baccl111s 1nd1cated that the 1ox1colo!!y rcpl)r!S 1vould he sen! lo an external rcvic\ver that day (Nu\·cn1hcr 
!) :'.Ind thal typical t1n1c !or t.:on1ph·ting the rcvi<:\l' !1n1c \vas (1 \\"eeks. 

'fhc po1cnti:il for a conditill11al regis1ration \\'HS also discussed. It \Vas agreed 1ha1 ifunccna1nly 
del'tluped ;rlr(ull Cl1111pl.:!1nn of data rc\·it\\"S \vi th sufficient 1in1e lo con1plctc the Section 3 for tbe 2003 
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crop trcat1nen1s, ::i conditional rcgis1r::ition co1ild alleviate the need for :in l::tJP. 1'hc bottom ltnc 1n this 
discussion \\'as 1hat i1 is cssenllal 1h111 ::i uscahle registration be 111 place for ihc 2003 season (i.e. by lvfar­
.>\pr 2003) . .t\ con1plcte Scc1io113 regis1ration is preferred. f-Io,vever. a conditional registration or 
1nodilied El!P could serve the 2003 needs . 

.. \lthongh a Section 3 is desired, the ti111etable for its co1npletion ,,·as not specifically inentinnetl by 
Bf'IlJ). ()Jnsidcring this, ans\,·crs to the follo\.Ying qnestioHs ~\re needed in order to proceed. 

l. lfa section 3 registration con1ple1ion date can not be firmed in tht: near future, a1 \Vhat point (\rhat 
date '!)docs the decision tn n10\'C for\vard \l'ith a condition::il registration need to be n1ade to al!o,v for a 
label cnahhng the use of r\F-36 nndcr a eondit1unal label in May 2003'! 

2. lfa section 3 registration con1ple1ion date can not be firmed in the near future, and it is decided that a 
condit1on<1l rcgistratioll is not an option, :it \Vhat pon1t (\vhat date?) does an expanded l~UP need to be 
sub1111ttcd to ailn\v for a label enabling the ltse of 1\F-36 on at least 40, 000 acres in 1\rizona in t'day 
2003 . 

\1 ich:!cl Brnvcnnan 
l~:opi::sticide (~(!Ordinator 

lli..-4 l'rOJCCl 

c:C: Phil llut1on, Sltanaz l3<Jcehu~. John Kough. Zigfridass Vaituzis, Peter (~01ty, Phil \Vakclyn, LatTy 
:\ntilla. Bob 110!111. Jerry Baron, l)nn Kunkel 
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Interregional Research Project No. 4 
Center for Minor Crop Pest Management 

Dr. Janet Andersen 
Biopesticide and Pollution Prevention Division 
Environmental Protection Agency 
Room 910, Crystal Mall 2 
1921 Jefferson Davis Highway 
Arlington, Virginia 

RE: Aspergillis flavus AF36 PC Code 006456 

June 7, 2002 

Minutes of meeting- Section 3 Registration May 30, 2002 

EPA Participants- Janet Andersen, Phil Hutton, Shanaz Bacchus, Gail Tomimatsu, 
Zigfridass Vaituzis, Carl Etsitty 

Registrant Related Participants- Peter Cotty-USDA/ARS, Phil Wakelyn, Keith Menchey­
National Cotton Council, Larry Antilla- Arizona Cotton Research and Protection Council, 
Chuck Youngker, Arizona Cotton Growers Association, Michael Braverman-IR-4 Project . 

Dear Janet: 

On behalfofthe USDA/ARS, National Cotton Council, Arizona Cotton Council, Arizona 
Cotton Growers Association and the IR.-4 Project, I would like to thank you and your staff for 
taking the time to meet with us to discuss the section 3 registration of Aspergillis flavus AF-36 
on May 30, 2002. We were especially impressed with your interest and questions about the 
project a11d its importance to growers and public health. According to n1y records, the last 
Section 3 meeting was held about two years ago on J1u1e 27, 2000 (copy attached). lt appears that 
fron1 that previous meeting it was agreed that the studies needed to con1plete the registration 
package were the toxicology studies, which have now been con1pleted. 

Technology Centre of Ne\V Jersey 
681 U.S. Highway #I South• No1th Brunswick, NJ 08902-3390 • 7321932-9575 •Fax: 732/932-8481 
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The most important highliglits of the current meeting and our understanding of what is needed to 
complete the data requirements for Section 3 registration for AF-36 and the tiinetable for EPA 
review of these data are as follows: 

FVhen formally sub1nitted (and assuming they· are acceptable), the niamnialian, avian and bee 
toxicology studies will essentially co1nplete the data require1nents for the section 3 registration. 

Many parts of the current label language were developed due to the lack of toxicology data and 
if justified, can be rnodified. 

The goal for section 3 registration is Febn1a1y 2003 so that we can avoid the inefficiency of 
having to request and review an additional expansion of the EUP. 

The following are our minutes fron1 the currentmeeti11g. 

Phil Wakelyn made some opening co1UJJ1ents about the importance of this project to cotton 
growers and that this was a grassroots effort, made up of direct interactions among growers, gins 
and public agencies. The product is manufactured by the Arizona Cotton Research and 
Protection Council (a component of the Arizona Department of Agriculture) and distributed 
directly to growers. He also highlighted the fact that there are no chemical alternatives to 
aflatoxin management and the agricultural industry welcomed an effective biopesticide solution. 
EPA appreciated the innovative approach and direct grower involvement. 

Larry Antilla talked about the building of the production facility in Arizona over the last 3 years 
and that about 46,000 acres had been treated. Case studies of aflatoxin reduction figures on 
several fanns were reviewed. One farm \Vith approximately 1,000 acres of cotton had previously 
never been able 10 produce cottonseed below 20 ppb. In 2000,.that fann produced seed with 
acceptable aflatoxin contents (<20 ppb) on 82% of its l 7 treated fields and in 2001, 86% of 
treated fields produced cottonseed with acceptable aflatoxin contents. Cliuck Younger gave a 
personal perspective on the aflatoxin problem in Arizona and noted that growers have comn1itted 
$2.4 million dollars to the research program. 1n addition, it was pointed out that the only n1eans 
ofn1itigation for liigh aflatoxin levels in seed involves the injection of anhydrous ammonia, 
\Vhich is caustic and poses human health risks. 

There was a general discussion of the toxicology data (wl1ich was unofficially subinitted in early 
May). It was generally agreed that the Tween 80 used in the first n1anunalian study was 
responsible for some effects that were not related to AF36 which was confirmed by the second 
study. The toxicology data constihites the remaining portion of the registration package to be 
submitted and must be officially subinitted before being considered. 

Many parts oft11e current label language \Vere developed due to the lack of toxicology data and 
if justified, can be modified. The combination of acceptable toxicology data, the lacl< of an 
increase in total Aspergillus and a reduction in aflatoxin producing spores all contribute to a 
favorable risk profile dlie to no change in exposure combined \Vi th reduced hazard of AF-36 the 
spores to the enviroru11ent. Some of the more specific parts to be considered included adding a 
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statement that AF36 can be applied to irrigated fields, re1noval of the buffer statement, wind 
direction statement, modification of the 12 month storage statement, statement related to 
inducing vomiting, and perhaps some others. 

There was general discussion about the distribution of the S strain of A. jlavus with regard to 
areas that the section 3 registration would include. Initially the registration would cover Arizona 
and Texas. 

In the final topic of discussion Phil Hutton questioned the need for a genetic marker test. He 
deferred this to John Kough (one of the science reviewers not at the meeting). Peter Cotty 
reviewed comments and data previously submitted on the reliability of the vegetative 
con1patibility test and the stability of AF36 as a genetic group and its frequent occurrence in the 
environment and explained the history and reliability of the vegetative compatibility method. He 
indicated that redundant Vegetative Compatibility Testing (VC testing) was a component of the 
quality control procedures previously submitted and used in the manufacture of Aspergillus 
jlavus AF36. Personnel are readily trained to perform VC testing 8.nd thousands of such analyses 
are perfonned annually in order to assess efficacy of AF36 treatments. A DNA based technique 
could not be practically applied in as robust a 1nanner. Janet Andersen mentioned that a lot of 
additional knowledge had been collected since the time the genetic marker test was suggested 
and that the redundancy of the QAJQC was probably adequate. Janet also suggested that we try to 
submit most of the informat_ion in electro11ic fom1at in addition to the hard copies to facilitate 
rev1e\v. 

Now it is up to us to get all of the data in forreviev.• so that our goal of section 3 registration by 
February 2003 can be achieved. While we were previously unaware that this was classified as a 
public health issue we assun1e that should add weight to the benefits consideration and prioritize 
its in1portance in the review process. 

Sincerely, 

• jflc~~&-d~ 
Michael Braverman, Ph.D 
Biopesticide Coordinator 
IR-4 Project, Rutgers University 
Technology Centre of New Jersey 
681 U.S. Highway I South 
North Brunswick, New Jersey 08902-3390 
Tel (732)932-9575 ext 610 
FAX (732)932-8481 
brav en11an@aesop.ru t gers. ed u 

cc: Phil Hutton, Shanaz Bacchus, Gail Tomi1natsu, Zigfridass Vaituzis, Carl Etsitty, John Kough 
Peter Cotty, Phil Wakelyn, Keith Menchey, Larry Antilla, Chuck Youngker, Bob Holm 
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June 23. 2000 

Agricultural 
Research 
Service 

Ms. Shanaz Bacchus 
Regulatory Action Leader 
US EPA, BPPD/OPP (7511 C) 
Crystal Mall #2, Room 902 
1921Jeffersion Davis Highway 
Arlington. VA 22202 
Phone: 703-308-8097 
FAX: 703-308-7026 

Dear Ms. Bacchus: 

Mid South Area 
Southern Regional 
Research Center 

1100 Robert E. Lee Boulevard 
P.O. Box 19687 
New Orleans, Louisiana 
70179-0687 

Dr. W. L. Biehn of the IR-4 project asked me to send a copy of the enclosed 
manuScript by courier for delivery on Monday June 25th. This manuscript is a 
preliminary draft that we hope to refine for submission for publication in the next 
few months. ! will discuss aspects of the studies covered by the manuscript in 
our meeting on June 27th. ! look forward to our discussions on Tuesday. 
Best Regards. 

Sincerely, 

ENCLOSURE 
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AGEl'-tDA 

EPA PREREGISTRATION MEETING 

MlCROBIAL PRODUCT: ASPERGILLUS FLAVUS AF36 ON COTTON IN A.1'.IZONA 

Tuesday June 27, 2000 at' .: I.' oo P'1 
Room 912 

EPA Crystal Mall #2 
1921 Jefferson Davis Highway, .A.rlingcor.., V_A.. 

1. Lntroductions 
Dr. Phillip J. Wakelyn 

2. Airborne spore counts of Aspergil\us flavus i.n treated and untreated fields 
Dr. Peter Cotty 

3. AstJergi!lus flavus in Natural Habitats 
Dr. Peter Cotry 

4. Toxiclty testing and other data needed for registration 
a) Acute Pulmonary Toxicity/Pathogenlcity Require1nen1 in Mammals 
b) Avian Acute Ora! Toxicity/Patbogenicity Requirement 
c) Avian Acute Pulmonary Toxicity/Palhogenicity Requirement 
d) Honey Bee Testing Requirement 

5. Other items 
a) Options for use and testi.11g of AF36 in the year 2001 ln .A..rizona 
b) Discussion 

wP5~ 

;- 22 



118

> 

' 

2 

J 

4 

5 

6 

7 

8 

9 • 10 

11 

12 

13 

14 

15 

16 

17 • 18 

19 

20 

21 

22 
' 
23 

24 

25 

26 

27 

Epidemiology of Aspergillusflavus in Arizona 
Initial Draft of a !Yfanuscript in Preparation for Publication 

Seasonal changes in the qu;mtities of Aspergillus f!avus and other propagules in the air over 

Arizona cotton fields 

I 
C.H. Bock and P.J. Cotty 

USDA-ARS-SRRC, 1100 Robert E. Lee Boulevard, New Orleans, LA 70124. 1Current address 

of first author: Centre for Plant Biodiversity Research, CSIRO-Plant Industry, GPO 1600, 

Canberra, ACT 2610, Australia. 

ABSTRACT 

Airborne Aspergillus flavus was monitored continuously with two Burkard cyclone samplers 

from May 1997 to March 1999 at two sites in Arizona surrounded by commercial agriculture. 

One sampler was initially at the center of 65 ha of cotton treated June 2, 1997 with an atoxigenic 

vegetative compatibility group (VCG) of A. jlavus and the second sampler was about l km from 

the treated field. Both fields went through typical crop rotations. Propagules in the size range of 

conidia were collected by the cyclones at levels comparable to those collected by impaction onto 

0.8 µm pore membranes. Quantities of both total fungi andA.flavus did not differ (P=0.05) 
.] 

between the two sites. Total fungal propagules ranged from 17 to 667 m and from 9 to 1,277 
.] 

m , at the non-treated and treated sites respectively·. Counts of A. flavus ranged from <l to 406 
-3 -3 

m and <l to 416 m and A. jlavus comprised 1 to 46% and <l to 51 o/o of the total cultured 

fungi at the two sites, respectively. Peaks in both total fungal propagules and A. jlavus 

propagules coincided with area-wide boll maturation and cotton harvest (Julian day 251-321). 

The S strain was most frequent between May and August. In other months, the L strain 

accounted for up to 100% of the A.jlavus sampled. The applied VCG accounted for 0-47% of 

Ihe L strain at the untreated site and 5-75% at the treated site. The applied VCG was a greater 

proportion of A. flavus at the treated site than at the non-treated site (P=0.01). Modified rotorod 

samplers collected viable A. nlger, but little A. jlavus. Large quantities of A. flavus occurred in 

the soil (up to 34,474 propagules g" 1
) of cotton fields and on cotton plant parts and debris (up to 

Bock and Cotty 
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Epidemiology of Aspergil!us flavus in Arizona 
Initial Draft of a Manuscript in Preparation for Publication 

272,461 propagules g ·1
) adjacent to the cyclone samplers. These data suggest that A. jlavus is a 

major constituent of the air associated with cotton fields in southwest A.rizona at certain times of 

the year. Although application of atoxigenic A. jlavus altered the proportion of strains and VCGs 

in the aerial mycoflora, it did not alter the total quantity of A.jlavus. Dispersal of A. jlavus 

between fields suggests atoxigenic fungi will be most effective in area~wide management 

programs. 

Additional keywords: aflatoxin management; agricultural dust 

Aspergillus jlavus Link can infect cottonseed and other food and feed crops under specific 

environmental conditions (Deiner et al., 1987). Concern.for A. jlavus infections largely stems 

from fungal production of aflatoxins, potent natural carcinogens. To minimize the risk of toxin 

carryover to man or livestock, crop aflatoxin content is strictly regulated in many countries (Park 

el al., 1988). 

One approach to limit aflatoxin contamination in cottonseed is application of strains of A. 

jlavus that do not produce aflatoxins (atoxigenic strains) to competitively exclude the aflatoxin 

producing strains (Cotty, 1992; 1993; Cotty, 1994a). One atoxigenic strain is being tested under 

an EPA approved experimental use permit (69224-EUP-l) on farms in southwest Arizona to 

assess efficacy in controlliilg aflatoxin contamination of cottonseed in field scale systems. 

Atoxigenic strains of A. flavus have been effective in experimental plots with peanut (Domer et 

al., 1992), corn (Brown el al., 1991, Dorner, 1999), and cotton (Cotty, 1994a). 

Although aflatoxin contamination is reduced by application ofatoxigenic strains (Cotty, 

1994a), there is no basis on which to gauge the overall effect of treatments on quantities of A. 

jlavus propagules in the air. Furthermore, the seasonal dynamics of airborne A. jlavus in cotton 

production in southwestern Arizona has been incompletely described. Atoxigenic strain 

applications seek to competitively exclude aflatoxin producers and optimal application of the 

biocontrol agent is dependent on the community dynamics of aflatoxin~producing A. jlavus 

2 Bock and Cotty 
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strains. Lack of information on seasonal dynamics' of air-borne conidia of A. flavus precludes a 

rational approach to delimiting optimal periods over which fields may be treated. Dispersal of 

an atoxigenic strain prior to the presence of aflatoxin-producers in the air flora will give the 

biocontrol agent preferential exposure to potential food sources and thereby increase its 

biocompetitive potential. 

In general, there is little information on seasonal changes in aerially dispersed A. jlavus 

propagules in agriculture. Epidemiological studies have irivestigated influences of factors on 

infection of and aflatoxin formation in cottonseed, (Ashworth et al., l 969a; Ashworth et al., 

1969b; Ashworth et al., 1971; Marsh et al., 1973; Diener et al., 1987; Lee et al., 1989) and the 

production. and dispersal of propagules at specific times in cotton (Lee et al., 1986) or in other 

crops (Bothast et al., 1978; Holtmeyer and Wallin, 1980; Holtmeyer and Wallin, 1981; Olanya et 

al., 1997). Peaks in quantities of A. jlavus are found in summer months, but previous studies 

have not described annual cycles of A. flavus in the air spora. The quantity of A. flavus in the air 

in relation to other fungal propagules in cultivated desert environments of southwest Arizona is 

also unknown, although A. flavus is a major constituent of the airspora in other environments 

(Morrow et al., 1964). Dynamics of interactions among air~bome fungi have not been 

investigated. 

In order to expand available information on characteristics of production and dispersal of 

conidia of A. flavus in southwest Arizona we sampled air for microbiological propagules for two 

years at two sites approximately 1 km apart. Fields surrounding one site were initia!Iy planted 

with cotton and treated with an atoxigenic strain of A. flavus. Fields surrounding the second site 

were not treated and initially planted to barley. Information on fungal dynamics of value in 

developing application strategies for the aflatoxin bioconrrol agent in cotton-producing regions 

of Arizona were sought. 
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MATERIALS A.'ID METHODS 

Cyclone samplers. Two Burkard Cyclone Samplers (Burkard Manufacturing Co. Ltd., 

Rickmansworth, Hertfordshire, England) were operated continuously from May 1997 to March 

1999 (Fig. l ). One sampler was initially in the center of 65 ha of cotton treated with atoxigenic 

A. jlavus (strain AF36; Cotty and Bayman, 1993) in 1997 (June 2). The field (l 6 ha) southeast 

of the sampler was also treated in 199.6. The second sampler was about l km from the nearest 

treated field (Fig. 2). Fields surrounding the samplers remained in commercial agriculhrre and 

were rotated through several crops (Table 1). 

The Burkard cyclone sampler operates by drawing air through an orifice at a rate of 16.5 L (~ 

min·1 and depositing the particles in still air in a microfuge tube at the base of the cyclone 

stream. Sampler performance was monitored with a hot wire anemometer (Model HHF5 l, 

Omega Engineering, Stamford, CT) to ensure air was drawn at the correct rate. Particle size 

sampling efficiency has been characterized (Emberlin and Baboonian, 1995) and is excellent for 

particles with the size range of A.jlavus spores (3-10 um). In this study samples were taken 

weekly and each sample was weighed, suspended in sterile distilled water, dilution plated on 

agar media, and incubated at 31 C. Total colony fanning units (CFUS) of all fungi and the 

number of A. niger colony forming units (CFUs) were counted on PDA and 5/2 agar (Cotty, f 

1989), and the number of A. jlavus colonies was counted on modified rose bengal (MRB) agar 

(Cotty, 1994b). PDA and 5/2 agar were amended with streptomycin (0.05 g r 1
) and 

chloramphenicol (0.05g r 1
). Fungal propagules m.

3 
air were calculated. For comparisons 

between total fungi and quantity of A. jlavus _counts based on the 5/2 plates were used. Bacterial 

colony counts were made on unamended nutrient agar. After sub-culturing on 5/2 agar for 7 

days at 31 C all A. jlavus isolates were assigned to either the S or L strains on the basis of 

morphological criteria (Cotty, 1989). A total of 3,307 A. flavus isolates (c.25 per sample) were 

sub-culhrred and characterized to strain. The proportion of A. jlavus accounted for by the 

applied atoxigenic strain was estimated by vegetative compatibility group (VCG) analysis 

4 Bock and Cotty 
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(Cotty, 1994a) of the first 20 L isolates sampled every 4 weeks (720 isolates total). The growers 

provided cropping history of the four 40-acre fields immediately adjacent to each sampler. 

The size range of particles sampled by the cyclone sampler was determined microscopically 

(Olympus XlOO S Pian, dry objective, ocular micrometer) for seven separate samples. The 

sample was suspended in sterile distilled water and the first 100 particles observed during an 80 

µm-\vide transect across the slide were measured. In a similar manner, conidia from 7-day old 

cultures of A. flavus (AF36) grown on 5/2 agar were measured to ensure conidia of this isolate 

fell within the size.range of the particles being sampled by the Burkard cyclone sampler. The 

length- and width of both fresh conidia suspended in sterile distilled water, and conidia dried in 

an oven at .50 C for 4 h were measured. Dried conidia were dusted directly onto slides. 

Covers lips were used. Conidia were.dried prior to measurement in an attempt to simulate 

dehydration of conidia in the Sonoran-desert of western Arizona. 

Filter membranes were used to further characterize propagules of A. flavus sampled by the 

cyclone sampler. Two samples were suspended in 5 ml sterile distilled water and repeatedly 

filtered through polycarbonate screen membranes (Poretics Corporation, Livermore, California) 

with decreasing pore size (control - not filtered, 20, 12, 5, and 3 um pore size). These filters are 

perforated with precise pore size and have sharp cut-off retention characteristics (Ballew, 1997). 

The proportions of A. flavus propaguies passing through each filter were determined by dilution 

plate technique. 

Filter impaction. To compare efficiency of sample catches of the Burkard cyclone sampler 

with a membrane impaction technique, air pumps (12 v DC, PfN MTR! 002, Gast Manufactµring 

Corporation, Benton Harbor, Michigan) fitted with membrane based field monitors for 

contamination analysis (pore size 0.8 um, Millipore Corporation, Bedford, Massachusetts) were 

operated at 16.5 L min -l alongside the cyclone samplers for different periods. After sampling, 

the filter was removed and washed three times in 2 ml sterile distilled water. Three 0.1-ml 

aliquots of each washing were plat_ed onto r.1RB. The membrane filter was also placed face up 

on the agar. The quantity of A.flavus m·3 air sampled was calculated. A cyclone sampler was 

5 Bock and Cotty 
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operated simultaneously with the impaction samplers and the cyclone samples were processed as 

previously described except the sample was suspended in 0.5 ml sterile distilled water and the 

entire volume was plated. Comparisons were made on three dates. For each date, three replicate 

samples were taken. Replicates consisted of one cyclone sample and three impaction samples 

taken simultaneously. 

Ro to rod samplers. The efficiency of rotorod samplers (Perkins, 1957) in collecting A. 

flavus propagules was also tested. Due to the inherent difficulty of identifying A. flavus based on 

spore morphology, modifications to allow culturing of the fungus were necessary. The usual 

"sticky" impaction surfaces of vaseline or silicone grease generally used for entrapping spores 

may be toxic to fungi and are not soluble in water and thus are not readily amenable to dilution 

plate technique. A \vater·-soluble material was developed. A mixture of carboxy-methylene 

cellulose (CMC, 14 g), Glycerol (20 ml) and water (40 ml) formed a stiff, tacky grease that 

spread evenly on 0.1 cm dia. quartz glass collecting rods (Friedrich and Dimmock Glassworks, 

Millville, New Jersey). The coating was applied by sliding the rod between index finger and 

thumb. On plastic or metal the coating coalesced, preventing even distribution on the sampling 

face. Sampling characteristics were compared with silicone grease by operating the rotorods in 

flow hoods while gently tapping an upturned plate to dislodge conidia. One rod was coated with 

the CMC coating, the other with silicone gyease. The rods (2.5 cm long) were removed after 

operation and the number of conidia sampled counted on each rod. The glass rods (16 cm apart) 

were placed in l mm holes drilled in the ends of the plastic tube ofa ball point pen. Locking 

nuts were glued on the end arid used to hold the rods in place. Attached to the center of the 

plastic tube was the bevel with lock nut to attach the tube to the motor spindle. The apparatus 

rotated at 3000 rpm. 
For field sampling the rotorod motors (12 v DC, Model Number 2Ml97, Dayton Electric 

Manufacturing Company, Niles, Illinois) were supported within IO cm (internal diameter) 

26 polyvinylchloride pipe joints (Fig. 3). Three motors were placed on each pipe by using a four-

6 Bock and Cotty 
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way pipe split with 50 cm sections of tube placed iri the horizontal outlets and motors placed in 

the open ends of the pipes. Thus each experiment had three replications. The base of the piping 

was buried in the ground. Sampling period was investigated by operating the motors for 2 and 4-

h periods. Th.is was repeated twice. In addition samples were taken at different locations and 

times. 

Weather d'ata. Weather data was obtained from the Roll station of the ArizOna 

Meteorological Netv.rork (AZNIET) at http://ag.arizona.edu/azmet/24html (files 2498ew.txt and 

2499ew.txt). Details of the equipment and measurement protocols used 8.t the Roll station may 

be found at this site. The mean weekly data for temperature (maximum, minimum, and mean); 

rainfall and humidity were used to describe the weather conditions for the duration of the 

11 sampling period from May 1997 to March 1999 . 

7 Bock and Cotty 
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Soil and surface samples. In late June and October of 1997 samples of soil, !eaves, leaf 

2 litter, and boll material were taken from fields adjacent to the cyclone sampler in the treated area. 

3 Five replicate samples were taken at random points within 50 m of the sampler. Soil samples 

4 comprised the surface 2-3 mm of soil scraped from a 2 m length of row. The lower and oldest 

5 leaves (100 g) were collected in June and in October chemically defoliated {as per normal 

6. conunercial practice) leaves (100 g) were collected from the ground. Boll samples (20 

7 bolls/sample) were taken at random locations within 50 m of the sampler. In June bolls were 

8 immature and unopened. In October bolls were fully mature and open. Samples were taken 

9 from the middle to bottom of the canopy. 

10 In June and October of 1998, soil samples were taken from the four fields surrounding each 

11 cyclone sampler. Samples \Vere taken along a diagonal across each field starting at that site's 

!2 sampler at 25, 50, 150, 250 and 400 m, as described above. 

!3 Soil samples were mixed thoroughly and a subsample (5-20 g) was suspended in 50 ml 

14 sterile distilled water, agitated vigorously for 10 min, and subjected to dilution plate technique on 

15 MRB agar. Leaf material (5-8 gin 200 ml), leaf litter (5-17 gin 500 ml) and bolls/locules (10-

e 16 25 gin 500 ml) were processed similarly. CFUs of A.flavus were counted and CFUs g·1 of 

17 material calculated. Strain (SIL) composition and the proportion of the L strain in the applied 

18 VCG was estimated as for the cyclone samples. 

19 Data analysis. Data was analyzed using Statistica V3.0 and SAS V8.0. Comparisons 

20 between microbe counts at treated and untreated sites were with t-tests. These included 

21 quantitative comparisons of total fungi, A.jlavus, A. niger, bacteria, S strain, and the applied 

22 atoxigenic VCG. Correlation analyses were used to relate total fungal propagules with those of 

23 A. jlavus, and to investigate the relationship between rotorod sampling methods (silicon grease 

24 vs CMC). Analysis of variance was used to test all multiple comparisons (catches of A. flavus by 

8 Bock and Cotty 
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filter impaction vs cyclone sampler, catches of A. jlavus by rotorods, and propagule counts and 

characteristics from soil, bolls and leaves). Tukey's BSD test was used to separate the means. 

Standard deviations were calculated for the size ranges sampled by the Burkard cyclone 

samplers, and the nlUilbers ofCFUs obtained after filtering the cyclone sampler catches. 

RESULTS 

Cyclone samplers. The 11RB agar tended to grow more A. flavus colonies than either the 

PDA or 5/2 media (Table 1). However, ex.cept for the FDA vs 11RB at the untreated site, t-tests 

showed no significant differences, probably on account of the large variances associated with 

each of these samples. Counts of total fungal propagules were made on 5/2 (a mean of 139.5 and 

120.3 propagules m·3 at the treated and untreated sites, respectively) and FDA (a mean of 119.8 

and 89.6 propagules m·3 at the treated and untreated sites, respectively). As there was no 

significant difference between the counts on the two media (t-test, P=0.05), only those for 512 are 

presented. 

The weight of material collected by the cyclone samplers varied from 0.001gto1.0018 g per 

sampling period (Fig. 4A). However, the quantity exceeded 0.2 g on only two occasions. 

Numbers and characteristics ofpropagules sampled from the two sites were similar (Fig. 4B). 

During 1997 (May-December) the total fungal propagules collected at the non-treated site ranged 
~ ~ 

from 17 to 667 m , and at the treated field from 9 to 1277 m . During 1998-99 (January 1998-
-J 

March 1999) total fungal propagules ranged from 2 to 652 and 2 to 412 propagules m , 

respectively at the two sites. Over the same time periods counts of A. flavus in 1997 ranged from 
-) 

<l to 406 and <l to 416 m at the treated and untreated sites respectively, and in 1998-9 the 

numbers ranged from <l-361 and <l-117, at the two sites respectively. On 5/2 agar A. flavus 

comprised <l 10 46o/o of the total cultured fungi at the untreated site and <l to 51 % at the treated 

site in 1997 (Fig. 4C), and <l to 41 % of the total cultured fungi at the non-treated site and <l to 

44% at the treated site in 1998. Greatest numbers of both .total fungal propagules and A. jlavus 

propagules occurred between JD 177 in 1997 to JD 43 in 1998 and JD 191 in 1998 to JD 8 in 

9 Bock and Cotty 
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~( 

1999. In both years the peaks coincided with JD 251-32. Very low numbers of all propagule 

types were sampled behveen mid January and May (sample weights at these times also tended to 

be lowest). 

There were no significant differences (t91s, P = 0.05) between the tvvo sites in either mean 

number of total propagules m-3 nor propagules of A.jlavus m-3
• A mean of 139.5 and 120.3 total 

fungal propagules m-3 were sampled at the treated and untreated sites respectively (t=ns, 

P=0.05). Aspergillus jlavus propagule counts were 28.6 and 29.7 rri-3 at the treated and untreated 

sites, respectively (t=ns, P=0.05). Differences between catches at the two sites in the quantity of 

A. jlavus were not detected following application of the atoxigenic VCG. The quantity of A. 

flavus collected by the treated site sampler in 1997 (JD194-343) differed from that collected in '· 

1998 (JD 194-341) (100.2 versus 19.3 propagules m-1
, F2.4780, df=-17, P~0.01). All four fields" fl')f (;g, 

surrounding the sampler at the treated site were rotated from cotton in 1997 to wheat in 

December 1997 and then to lettuce during the 1998 period in question. At the untreated site 

samplings did not differ between these two periods (53.3 propagules m·3 and 54.2 propagules m· 

3
, t =ns, P=0.5). These relationships were similar for total numbers of propagules collected 

(314.3 and 103. l propagules m·3 at the treated site in 1997 and 1998, respectively, t=2.5603, 

df=l 7, P=O.O 1, and 194.8 and 99.8 propagules m·3 at the untreated site, t=ns, P=0.05, 

respectively). 

Correlation analysis showed a strong correlation between total number of fungi sampled and 

the number of A.jlavus propagules at the treated site (r=0.9515, 152 df, P<0.001). At the 

untreated site there was also a positive correlation (r=0.2294, 152 df, P<0.05), although it was 

less pronounced. Thus conditions favoring production and dispersal of A. jlavus were conducive 

for other fungi which increased in number at similar times. 

Aspergillus niger propagules were also collected throughout the sampling period. Counts of 

A. niger were made on 512 (a mean of 33.9 and 23.9 propagules m·3 at the treated and untreated 

sites, respectively) and PDA (a mean of26.2 and 21.l propagules m·3 at the tr~ated and untreated 

sites, respectively), as the rv1RB inhibited growth of A. niger. As there was no significant 
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difference between the counts on the t\\lo media (t=ns, P=0.05), only those for 512 are given. The 

counts followed trends similar to A. flavus with peaks of catches occurring during summer and 

autumn and with very low numbers during the winter. Propagule numbers of A. niger ranged 

from 0-273 propagu!es m ·3• The relative proportions of A. niger and A.flavus are shown in Fig. 

4D. Over the sampling period there were no significant differences (t=ns, P = 0.05) between the 

two sites in mean number of A. niger propagu!es m·3
. However, the quantity of A. niger 

collected by the treated site sampler in 1997 (JD194-343) differed from that collected in 1998 

(JD 194-341) (133.2 versus 15.7 propagules m·', 1'=4.2813, df=l2, P=0.001). The quantity of A. 

niger collected by the untreated site sampler in 1997 (JD 194~343) also differed from that 

collected in 1998 (JD 194-341) (62. 7 versus 18. 7 propagules m'3, 1'=2.5962, df=l 7, P=0.009) . 

Large quantities of bacteria were sampled throughout the two-year study (Fig 4E). The 

nwnber of bacterial propagules e~ceeded fungal propagules at all times ranging between ca. 

5000 and over ca. 50000 propagules m·3. The counts appeared to be greater in the summer 

periods, with lower numbers sampled during the winter. There were no significant differences 

between the two sites in mean number of bacteria m·3 (2207 and 2364 propagules m-3 sampled at 

the treated and untreated sites respectively (ns, t=test, P=0.05). The quantity of bacteria 

collected by the treated site sampler in 1997 (JD 194-343) differed from that collected in 1998 

(JD 194-341) (1882 vs 768 propagules m·', t=2.2433, df=l9, P=0.018). However, the quantity of 

bacteria collected by the untreated site sampler in 1997 (JDl 94-343) was not significantly 

different to that sampled in 1998 (JD 194~341) (4195 versus 2335 propagu!es m-3
, t=ns, P=0.05). 

Other fungi (including Fusarium spp., Alternaria sp. and Cladospriu1n sp.) were sampled but 

counts and identifications were not made on these species which were generally individually less 

numerous than either A.flavus or A. niger. 

Both S and L strain isolates of A. flavus were detected at both the treated and untreated sites 

(Fig. SA). Overall, there was a greater proportion of the L strain at the treated site (80.2%) 

compared to the untreated site (68.5°/o, t=2.5390, 135 df, P=0.006). There was distinct 

seasonality in the incidences of the S and L strains with the L strain most abundant from 

11 Bock and Cotty 



129

2 

l 

4 

5 

6 

J 

s 

9 • 10 

11 

12 

13 

14 

15 

16 

17 • 18 

19 

20 

21 

" 22 

23 

24 

25 

26 

27 

Epidemiology of Aspergillusflavus in Arizona 
Initial Draft of a Manuscript in Preparation for Publication 

September through December. At the treated site 81.3% and 74.3% of the A. jlavus was L .strain 

between JD 147 and 360 in 1997 and 1998, respectively (t=ns, P=0.05), and at the untreated site 

over the same period 68.9 and 63.1°/o was L strain, respectiveJy·(t=ns, P=0.05). Greatest 

quantities ofS occurred between May and Augusfboth years (35.7-96.0% S (1997) and 28.0-

100% S (1998) at the untreated site and 4.5-100% S (1997) and 16. 7-84.0% S (1998) at the 

treated site). The proportion of Sat the treated site bet\Veen May and August (JD 147-243) in 

1997 (30.5°/o) differed from .that present between September and December (JD 148-365) 

(3.9%), (t=4.16, 14 df, P=<0.001). Similar differences occurred in 1998 (38.6% versus 15.5%, 

t=2.96, 19 df, P=0.004) at the treated site and in both years at the untreated site (54.7% versus 

5.41 % in 1.997 (t=6.2410, 13 df, P=<0.001) and 56.5% versus 17.2%, in 1998 (t=4.88, 17 df, 

P=<0.001)). The applied atoxigenic VCG belongs to the L strain, and accounted for 0-4 7% of 

!he total L strain sampled at the non-treated site, and 5-75°/o at the treated field (Fig. SB). The 

applied atoxigenic VCG was more prevalent in the air at the treated site than at the untreated site 

(t=-3.2041, 32 df, P<0.01). 

Cropping history. During the sampling period various crops were grown in the fields 

adjacent to the two cyclone samplers (Table 2). At the treated site the four fields surrounding the 

sampler were rotated from cotton to wheat and then to lettuce and back to wheat. Cotton was 

only present at the treated site during 1997. All four fields surrounding the sampler at the 

untreated site were rotated from barley to cabbage and then to cotton followed by wheat. The 

two sites only had the same crop (wheat) from December 1998 through March 1999. During the 

1998 sampling period the non-treated site was planted to cotton, although the early cotton season 

was very cool resulting in poor crop development and one of the lowest yielding Arizona crops 

in histozy. 

Weather data. Data from the AZMET station at Roll (Fig. 6) indicate that in both 1997 and 

1998 maximum daytime temperature was greatest during the surruner between JD 100-300 (30-

45 C). The minimum temperature did not fall below 10 C and was generally above 15 C. 

Rainfall was scattered scantily throughout the sampling period with showers rarely exceeding I 

12 Bock and Cotty 
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cm. Maximum relative humidity ranged from 50-100% and tended to be higher during the 

winter. f\.11 crops in Western Arizona are irrigated and inigation may have exerted greater 

influence than rain on the microbial communities sampled. 

Particle size. Sizes of particles collected by the Burkard cyclone sampler during this study 

and measured microscopically are summarized in Fig. 7. Particles from I ,um to 2.5 µm 

occurred at the greatest frequency. Although observed particle sizes ranged from <l µm to >30 

µm. A few larger particles were occasionally observed, although not in the samples examined 

microscopically. These larger particles were generally whole insects or insect parts that were 

entrapped in the sampler. Microscopic examination revealed both organic (spores, plant and 

animal debris) and inorganic particles (dust, sand). Most propagules of A. jlavus were within the 

range expected for conidia (Fig. 8). Few propagules passed through pores of5 µm or less, but 

the quantity that passed through 12 µm pores was not significantly different from the control. 

Size of Aspergi//us flavus spores. Seven-day-old conidia of the applied atoxigenic VCG 

grown at 31 Con 5/2 agar were spherical and ranged from 3.2 µm to 5.2 µmin diameter. Oven 

dried conidia were ovoid and crumpled and ranged from 2.4 µm to 5.6 µm x 1.76 µm to 3.6 µm. 

Cyclone versus impaction sampler. The number ofpropagules sampled by impaction onto 

filters versus by the cyclone sampler is shown in Table 4. Analysis of variance did not indicate 

differences between the quantity of conidia sampled by the two methods for any of the sampling 

dates. However, there was great variability among samplings possibly related to the short 

duration of the sampling period (2 hr). 

Rotorod samplers. In lab studies the CMC-glycerol coating was apparently as effective as 

the silicone grease at entrapping conidia of A. jlavus (Fig. 9A and B). An analysis of variance 

sho\ved no difference in the number of conidia sampled using the two coatings, and there was a 

positive correlation between values for the two coatings for both the quantity of conidia sampled 

(0. 7322, P=O.O l) and the frequency of encounters with conidia (0.9501, P=0.001). Cluster sizes 

ofconidia sampled were comparable tmder both conditions (Fig. 9C). However, viability of 

conidia sampled in the lab was not quantified. In the field, a time period of exposure test showed 

ll Bock and Cotty 
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that overloading of the rotorods probably occurred after 2 h sampling (Table 5). In both 

sampling period tests the 4 h period sampled fewer propagules m·3 than the sum of the 

consecutive 2 h sampling periods. Although propagules of various fungi (Alternaria, 

Cladosporium and Aspergillus spp) were consistently sampled, there were few encounters with 

viable propagules of A. jlavus at these times. Only A. niger was sampled consistently, ho\vever, 

at different sampling times the quantity of viable propagules sampled varied substantially from 

<1~56 propagules m·3• 

Soil, leaf and debris populatio1i cou1cts. In 1997 quantities of A.jlavus on cotton leaves, in 

soil, and on bolls were compared at the treated site in June and October (Table 6). Analysis of · 

variance indicated differences among substrates in both number ofpropagules (F=4.35, P=0.006) 

and the prevalence of S-strain propagules (F=676, P<0.0001). Leaf-litter had the most A. jlavus 

(2.7 X 105 propagules g·3
), and t.he greatest proponion of S strain (17.3°/o). Bolls also had large 

quantities ofA.jlavus propagules (6.9 X 103-1.5 X 104 propagules g·3). In 1998 only soils atthe 

treated and untreated sites were compared (Table 7). The number of soil propagules and the 

proportions of both the S strain and the applied VCG differed significantly (P<0.001, ANOVA) 

between sites. In June there was a mean of229 propagules g·1 soil at the treated site, but by 

October there were only 58 propagules g· 1 of soil. However, at the untreated site propagules per 

gram shifted from 418 in June to over 1.6 X 104 in October (Table 7). In October the treated site 

was in lettuce and the untreated site was in cotton (Table 2). In 1997, the S strain was not 

detected in soil from the treated site and the S strain composed just over 1 o/o of isolates recovered 

from any substrate at that site. The S strain was more common at the treated site in 1998 with 

14°/o of isolates belonging to the S strain in June compared with 67°/o at the untreated site. At the 

treated site in 1997, the applied VCG accounted for 92.7% and 81.3% of the L strain isolates in 

June and October, respectively. In 1998 the proportion was 81 % in June and 66% in October. 

At the untreated site in 1998 the applied VCG accounted for 43% and 33% of the L strain in June 

and October, respectively (Table 7). 
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DISCUSSION 

This study describes the dynamics of air~borne microbial propagules in cultivated desert 

regions of southwestern Arizona. Emphasis is placed on A. jlavus and influences on the air flora 

of applications of an atoxigenic A. flaws VCG currently used for aflatoxin management in 

Arizona. Various aspects of the dispersal phase of the epidemiology of A. jlavus in several crop 

systems and environments have been investigated (Morrow et al., 1964; Heitmeyer and Wallin, 

1980 and 1981; Olanya et al., 1989), and some prior infonnation on aerial dispersal o[A.jlavus 

in Arizcina is available (Lee et al., 1986) ... However, this is the first time the year-round · 

characteristics of air-borne propagules of A. jlavus have been described in an agricultural setting 

during seasons when epidemics of aflatoxin contamination of a crop occurred. In both seasons 

cottonseed produced throughout this local region experienced aflatoxin contamination at 

economically damaging levels (Cotty, unpublished data). The severity and distribution of 

aflatoxin ·contamination within this area in 1995 and 1996 has been detailed (Bock and Cotty, 

1999). The current study shows A. jlavus is a major component of the air around cotton fields of 

southwestern Arizona during the summer and autumn periods and it is a common component of 

air around rotation crops as well. Various other fungi (Fusarium spp., Alternaria spp. and other 

Aspergillus spp.), and bacteria are also common constituents of the air surrounding agricultural 

fields in this area. 

Aspergillus jlavus was counted on a selective medium (MRB) to ensure detection of the 

maximum number of A. flavus propagules. The other fungi (including A. niger) did not have this 

advantage and thus they were undoubtedly undercounted. Indeed, fewer A. jlavus propagules 

were detected on either 5/2 or PDA that on :MRB. This agrees with a previous report on A. 

jlavus isolation using 1vfRB (Cotty, 1994b ). There are probably large numbers of fungi that were 

either uncultivable on the media we employed or were competitively excluded from the culture 

plates by more aggressive species. We incubated our isolation media at a relatively high 

temperature (31 C) that may have been inhibitory to many fungal taxa, particularly those that 

thrive during the winter when our counts of fungi were low. 
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Lee et al. ( 1986) previously found large quantities of airborne A. jlavus propagules associated 

with cotton production on individual sampling dates in July to September. However, the Lee 

study had highly variable results, perhaps associated with the brief sampling periods allowed by 

the Anderson sampler used in that study. In the current study, peaks in total fungal propagules, 

including A. flavus and A. niger, occurred between JD 251-321 (September to November). 

"Shoulder" periods with fewer propagules occurred before and after these dates. The peak 

periods for catches of all microorganisms were associated with extensive, valley-""."'ide cotton 

harvest activity and subsequent cultivation associated with stalk-shredding and plow-down 

(mandated for insect Control) and preparation of soils for winter produce crops. Chemical 

defoliatioD:, harvest, and plow-down create a huge source of organic debris, which support fungal 

growth. In Arizona, during these periods, temperature maxima frequently exceed 30 C and 

temperatures remain for most of the day in a range favorable to growth of A. flavus (Ashworth et 

.al., 1969; Ayerst, 1969; Marsh et al., 1973; Diener et al., 1987) and similarly adapted fungi. 

Aflatoxin contamination of cottonseed is particularly common in high temperature regions 

(Marsh et al., 1973). Sufficient moisture for fungal reproduction, infection, and aflatoxin 

contamination may be readily available from late season irrigation, rainfall and dew (Bock and 

Cotty, 1999; Russell et al., 1976). 

Cotton is an indeterminate plant and in Arizona where long-season cotton is common, the 

earliest bolls may mature and open months before the crop is harvested. Large numbers of A. 

flavus propagules were caught during the periods of cotton boll formation, maturation, and 

harvest. Prevalence of inoculum does not appear to limit cottonseed infection during these 

periods. Thus, in Arizona, predisposition of the crop is apparently more important than presence 

of inoculum in dictating which bolls become infected. In the first phase of contamination 

(during boll development; Cotty, 1997) bolls are typically predisposed by insect damage (Cotty 

and Lee, .1989). During the second phase (after boll maturation) predisposition occurs when the 

crop is exposed to warm moist conditions (Ashworth et a!., 1969, 1969 and 1971; Diener et al., 

1987; Cotty, 1991). The large quantities of conidia in the air observed in the current study 

16 Bock and Cotty 



134

' 
3 

4 

5 

6 

7 

8 

9 ,. 10 

11 

12 

13 

14 

15 

16 

17 

• 18 

19 

20 

21 

" ' 
23 

24 

25 

26 

27 

-- - -- -----~-·-·-~-----------

Epidemiology of Aspergillusjlavus in Arizooa 
Initial Draft of a Manuscript in Preparation for Publication 

provide constant exposure of open bolls to increasing loads of A. flavus propagules. As crops are 

held in the field later in the season, there are increasing opportunities for crop predisposition to 

infection by exposure to humidity events during high temperature periods. This may explain the 

greater aflatoxin content observed in crops harvested later in the season (Bock and Cotty, 1999). 

Indeed, the large quantities of A. jlavus observed later in the season support the view that later 

harvests suffer increased contamination - not just from early infections producing more 

aflatoxin, but also from new infections (Bock and Cotty, 1999). 

The applied atoxigenic VCG belongs. to the L strain and is endemic to the test area and 

ranged from <l o/o to 4% of A.jlavus in the soils of this area prior to application in 1996 (Cotty, 

unpublished data). The treated site appeared' to have.a significantly greater proportion of the L 

strain which may be due to competitive exclusion of the S strain by the applied VCG {Cotty, 

I 994a). We do not have data for previous seasons, but the S strain was more prevalent at the 

non-treated site than at the treated site, and the proportion of the L strain did not appear to 

change significantly between 1997 and 1998 suggesting that the effect of treatment did not 

disappear after a single season. This agrees with previous observations (Cotty, 1999). The 

relatively high incidence of the applied VCG at the untreated site (up to 47% of the L strain at 

the untreated site was the applied VCG) probably resulted from dispersal from the site treated in 

1996 and 1997 (the distance between the edge of the treated area and the sampler in the non­

treated site was about l km). Quantities of A. jlavus propagules ~amp led at both the treated and 

untreated sites were similar throughout the 1997 season and thus, 8.pplication of the atoxigenic 

VCG apparently altered the composition of A. jlavus in the air, without altering the total quantity 

ofA.jlavus. Indeed, air spora from other surrounding areas may well influence the spectrum of 

spores sampled, and various factors including wind speed and direction and farming activity \vill 

affect the propagule type and quantity sampled at a particular time. One advantage of the 

cyclone sampler is that continuous sampling over 1-week periods is possible, thereby 

overcoming the effects of transient changes of wind direction or speed which could influence 

results from samplers operated for short periods. 

17 Bock and Cotty 
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The most likely source of the relatively high incidence of the applied VCG at the untreated 

site are the atoxigenic VCG applications. Previous studies (Olanya et al., 1997) have shown 

linear dispersal gradients of air~bome inoculum of A. jlavus from waste com piles in Iowa, with 

propagules being dispersed at least 14 m. In our study the atoxigenic VCG was applied to a 16 

ha block in 1996 and a 65 ha block in 1997, which constitutes a large source of inoculum for 

aerial dispersal over a period of two years. It is also possible that insects play a role in dispersing 

the fungus (Olanya et al., 1997). The fact that A. flavus is aerially dispersed and can probably 

travel at least several hundred meters lends support to the use of area-wide applications to 

establish the atoxigenic VCG and minimize ingress of aflatoxin producing strains from other 

habitats. This approach would provide the additional benefit to farming communities of 

reducing contamination of all crops grown in a region. It would also reduce any health risk 

associated with aflatoxin exposure via respiration (Oyelami et al, 1997; Autrup, et al, 1993) of 

either conidia containing aflatoxin (\Vicklow and Shotwell, 1983), or crop associated dust (Lee 

et al., 1983; Salim et al, 1998). 

Long range movement of A. flavus may also be suggested by failure of the air catches to 

closely mirror the soil composition at either the treated or not-treated sites. High incidences of 

the S strain were caught at the treated site in 1998 (JD 160 to ID 253) even though sOil analyses 

.of the four fields surrounding the sampler indicated a low incidence of the S strain. Either S 

strain propagules were dispersed to the sampler from beyond the treated area (1to1.5 km) or 

there was preferential dispersal of the S strain from soils during certain periods. Seasonal 

increases in S strain incidence in soils of western Arizona in July/August have previously been 

described (Orum et al. 1997). However, the very low levels ofS strain isolates in the soils of 

treated fields suggest compositional differences between cyclone and soil samples reflect 

movement of both the S strain into the treated area and the applied atoxigenic VCG into the non­

treated area. There are diverse crops in this region and propagules may have originated from 

agricultural fields undergoing soil preparation or harvest. However, it is also possible that S 

strain propagules originated from native desert areas which greatly outweigh cultivated regions 
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in the test area and which have significant .4. flavus conununities (Boyd and Cotty, 1998). 

We found the S strain was prevalent in the air from May through December (peaking from 

July to September) which spans the period of boll development and maturation and may be 

important to the epidemiology of aflatoxin contamination of cottonseed. The S strain produces 

comparatively greater amounts ofaflatoxin than the L strain (Cotty, 1989), and readily infects 

cotton bolls (Garber and Cotty, 1997). Although the origin of the large proportion ofS strain 

observed in summer and early fall remains unclear, the plume begins before cotton boll 

maturation and declines during cotton crop harvest. It is thus unlikely, at least initially, to 

originate from with the current crop. The S strain produces large quantities of sclerotia (Cotty, 

1989, Garber and Cotty, 1997) and the plume may reflect release of conidia from sclerotia 

formed on trash from prior crops. Alternatively the S strain propagules may come from soil 

disturbance during either harvest of or incorporation of crop debris from alternative crops (i.e. 

wheat). 

The filtration studies suggested thatA.jlavus propagules collected by the cyclone sampler 

were, for the most part, in the range of conidia (<12 um diameter), rather than larger sclerotia or 

colonized organic_ debris. However, air transport of sclerotia from colonized locules (Garber and 

Cotty, 1999) to the soil must occur and it seems likely some movement of sclerotia between 

fields occurs. Sclerotia of the S strain are relatively small (S originally designated small sclerotia 

<400 µm) and dust storms are common in this region. Large quantities of soil and associated 

organic matter can be driven.over vast areas by storms and sclerotia of the S strain would be 

dispersed. 

Both the crop and season greatly influence the magnitude of A. jlavus soil communities 

(Orum et al., 1997). In 1997 cotton was produced in a warm season typical of the area. However, 

spring and early summer of 1998 were uncharacteristically cool in southwest Arizona. This 

resulted in both the worse cotton crop in memory and reduced conditions favorable to A. flavus 

growth. Significantly less A.jlavus was sampled at the treated site in 1998. The four-fold 

reduction in the quantity of A.jlavus in the soil observed at the treated site between June (wheat 
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planted) and October (lettuce planted) was probably due to both the cooler year and the change 

in cropping. Cotton production in Arizona favors development of high densities of A. jlavus 

propagules (Orum et al., 1997) and at the non-treated siteA.jlavus propagules in the soil 

increased under cotton production forty-fold between June and October 1998. However, the 

quantity of propagules captured by the cyclone sampler at the non-treated site did not differ 

between 1997 (when cabbage was grown) and 1998. Failure to see an increase in air-borne 

propagules associated with cotton production is probably attributable to both the coole[ year and 

the reduced amount of cotton inunediately adjacent to the non-treated site in 1998 versus 1997. 

Thus, cotton production outside of the site may have contributed captured propagules to a greater 

extent in 1997 than in 1998. 

To the best of our knowledge this is the first report of a Burkard cyclone sampler being used 

to sample fungal propagules for studying a plant pathogen. The equipment has many useful 

aspects that make it practical in a study of plant pathogens, particularly in dry environments. 

Cyclone samplers can be operated continuously for long periods of time (this equipment ran 

continuously from May 1997 through March 1999 using solar powered batteries). Operation 

over long periods prevents wide transient fluctuations in propagule numbers from having a major 

impact on overall counts. Cyclone samplers collect a dry dust that allows ready quantification of 

viable propagules through culture on appropriate media. This is particularly useful where size or 

spore characteristics make identification difficult. The size of conidia (in our study 3.2-5.2 um in 

diameter) and similarity of spores of A. jlavus to other Aspergilli make it difficult to assess them 

visually, and counting morphologically distinct colony forming units is a more certain approach. 

The size ranges of particles sampled in our study also suggest that cyclone samplers would be 

suitable for sampling many other fungal spores. Numbers of cultivable A. jlavus propagules 

caught by the cyclone samplers were comparable to those caught with the filter impaction 

samplers previously sho\vn to be the most efficient of four air samplers tested for detection of 

air-borne A. flavus spores (Sil§-5, et al, 1986). However, we were unable to sample A. flavus 

propagules in the field using rotorods. Rotorods coated with a carboxy-methyl cellulose based 
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grease did sample other fungi including A. n1"ger. It may be that conidia of A. jlavus, under field 

conditions, were rendered non-cultivable by impact on the rotorods. Nonetheless, the rotorods 

were successful at quantifiably ~apturing culturable A. niger at propagule concentrations similar 

to those captured by the cyclone sampler. 

The formulation currently being used to treat areas of the Mohawk Valley is sterile wheat 

seed colonized with an atoxigenic A. jlavus (Bock and Cotty, 1999). Timing of application is an 

important criterion to maximize the production of conidia while minimizing the risk of product 

loss to predation or burial. Timing of conidia release from the product is crucial to optimize 

competitive exclusion of ailatoxin producing strains of A. jlavus (Cotty and Bayman, 1993). 

Data presented here suggest A. jlavus becomes a noticeable component of the air spora by early 

May. On the basis of this observation, earlier treatments are likely to be more effective, 

providing temperature and moisture do not limit fungal metabolism and production of conidia. 

Treatments as early as the first week of May should be considered. At this time other strains of 

the fungus shall not have had chance to reproduce or colonize substrates and the applied 

atoxigenic VCG should have increased competitive advantage. 

Data presented here suggest that application of an atoxigenic VCG ofA.flavus at the 

ctuTently used rate (10 kg colonized wheat seed ha"1
) does not significantly increase the overall 

quantity of A.jlavus in the air at treated sites as compared to untreated areas. In areas of Arizona 

where aflatoxin contamination of cottonseed is a perennial problem, A. jlavus is a major 

component of the airspora and appears to be dispersed over distances of at least several hundred 

meters. Early, area-wide application of an atoxigenic VCG would thus make sense for effective 

aflatoxin control in these intensive agricultural areas in the desert environments of Arizona. 

Indeed, early application may be necessary to optimize efficacy of applications. 
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T,i\.BLE l. Colony forming units (CFlJ) of Aspergillusjlavus cultured on different isolation 

ffiedia from samples collected by a cyclone sampler 

Field T-test comparisons 

treatment Media a Mean (CFU/m·')' Media t-value, df, P-va]ue 

Treated PDA 17.5 PDA VS 512 -0.88, 99, 0.19 

512 24. I 512 vsMRB 0. 73, 109, 0.23 

MRB 32.5 MRB vsPDA i .45, 80, 0.08 

Untreated PDA 15. 7 PDA vs 5/2 -0.18, 119, 0.43 

512 16.7 512 VS MRB l.53, 94, 0.06 

-MRB 33.0 MRBvsPDA 1. 70, 84, 0.05 

I 4 'media as described in the Materials and Methods. 

5 bmean CFU/m-3 from weekly enumeration ofpropagule counts in air sampled May 1997 through 

6 March 1999 as described in the Materials and Methods. 

I 
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TABLE 2. Cropping historya of the fields adjacent to the Burkard cyclone sampler at the treated and untreated sites in the Moha\vk 

Valley, Arizona 

!997 1998 1999 

Field M J J A s 0 N D J F M A M J J A s 0 N D .l F 
···-----· 

'J'reated ct ct ct cl ct ct fw wt wt wt wt wt wt wt fw le le le le wt wt wt 

Not~treated ba fw fw ca ca ca ca ca ca fw ct ct cl ct ct ct ct ct fw wt wt wt 

4 act "" cotton, ca= cabbage, lc=lettuce, f w=fallow, soil preparation for next crop, whc::::wheat, ba=barley. 

5 

6 
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TABLE 3. The dimensions of fresh and dried conidia of Aspergillus jlavus 

Treatment Length (µm) Width (µm) 

Mean Max Min Mean Max Min 

(st dev) (st dev) 

Fresh 4.22 (0.46) . ? ),_ 3.2 ' 

Driedb 3.33 (0.42) 5.6 2.4 2.92 (0.42) 3.6 1.76 

afresh conidia are spherical. 

bmeasured after drying in an oven at 50 C. 

Bock and Cotty 
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T.6..BLE 4. The quantity of Aspergillus jlavus propagules in the air sampled either by 

2 impaction onto membranes or by a Burkard cyclone sampler in the Mohawk Valley, Arizona, 

3 1998 

' 5 

6 

7 

8 

9 

Test Date Propagules sampled m · 

Cyclone Impaction 

June 17 51' 29 

2 November 18 103 583 

3 November 19 389 98 

Three Test Mean 181 236 

a for each date cyclone values do not differ significantly from impaction values by analysis of 

variance. Values are means of three replicates. Cyclone replicates are single measurements; 

each imp·action replicate is the mean of three measurements taken simultaneously. 

33 Bock and Cotty 



150

Epidemiology of Aspergillusflavus in Arizona 
Initial Draft of a ?vlanuscript in Preparation for Publication 

TABLE 5. The numbers of fungal propagules .(total fungi and Aspergillus niger} sampled by 

2 the rotorod samplers in the Mohawk Valley, Arizona, 1998 

Total fungi A. niger 

Duration of Rotorod Propagules/m Propagules/m 

Date sampling (h) sampler no. (stdev}' (stdev)' 

18111198 2 11.8 (1.5) ' 

2 2 46.0 (26.5) 

4 3 28.0 (7.7) 

18111198 2 1 3.1 (1.5) 

2 2 3.9 (0.4) 

4 3 2.7(1.9) 

18/11/98. 8.5 (2.4) '· !.' 

2 

2 2 9.8 (3.0) 

19111198 2 1 11.8 (6.0) 3.4 (3.0) 

2 2 9.1 (0.9) 2.5 (1.9) 

19111/98 2 1 24.J (0.7) 15.0 (5.5) 

2 2 10.1 (5.2) 5.7(4.7) 

19111198 2 1 56.2 (25.2) 4.2 (2.4) 

2 2 50.3 (25.8) 0.5 (0.4) 

3 adata not taken. 

I 4 bmean based on three rotorod samplings with two rods each. 

34 Bock and Cotty 
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TABLE 6. Aspergillusjlavus communities in the soil and on crop parts in fields treated with 

2 an atoxigenic strain of .4. jlavus and adjacent to a Burkard cyclone air sampler in 1997 

Month Substrate Propagules g· S straip (%) Applied strain(%) 

Jun ea Soil 27,916 b' 0 92.7 z 
Leavesb 5,748 b 0 JOO z 
Bolls 6,944 b 0 100 z 

October Soil 34,474 b 0 81.3 z 
Leav,es 272,461 a 17.3 m 79.3 z 
Bolls 15,124 b 0 I 100 z 

LSD (0.05) 218,972 1.2 25.3 

( 3 
4 amaterial was sampled in late June, treatment was made in early June. 

5 bleafmaierial was fresh leaves for the late June sample, and leaf litter resulting from chemical 

6 defoliation in October. 

7 cdifferent letters denote significantly different means (P=0.05). Means separation performed 

8 using Tukey's HSD test. 

9 dpercent of L strain isolates assigned to the applied VCG by vegetative compatibility analysis. 

10 

I ' 
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TABLE 7. Quantity of Aspergillusjlavus in soils of fields surrounding two Burkard cyclone 

2 air samplers in 1998 and the incidence of both the S strain of A. jlavus and an atoxigenic 

3 VCG of A. flavus applied in to the treated field in 1997 

Proragules" g· S strain(%) AEElied VCG (%)' 
Treated Not~Treated Treated Not~Treated Treated Not~Treat 

Month Locationd Site Site Site Site Site Site 
June NE 491 b 1,528 b 12 nop 63 lmno 87 wx 40 wxyz 

SE 136 b 86 b 0 p 71 Im 71 wxyz 0 z 
NW 208 b 23 b 29 mnop 90 a 100 w 0 z 
SW 80 b 36 b 13 nop 44 lmnop 66 wxyz 10 yz 
Mean 229 418 14 67 81 43 

October NE 86 b 198 b 8 op 60 lmno 66 wxyz 50 wxyz 
SE 8 b 17 b 20 mnop 29 mnop 76 wxy 20 xyz 
NW 130 b 18,461 b 17 mnop 68 lmn 65 wxyz 30 z 
SW 8 b 47,120 a 3 p 90 I 55 wxyz 30 y 

Mean 58 16,449 12 62 66 33 '-' 

LSD (0.05) 21,928 55.5 72.9 
4 

5 "location of field sampled in relation to the Burkard cyclone sampler at that site. 

6 bpercent of A. jlavus isolates assigned to the S strain by morphological criteria. All A. flavus 

7 isolates were assigned to either the Sor L strains (Cotty, 1989). 

8 'percent ofL strain isolates assigned to the applied VCG by vegetative compatibility analysis. 

9 ddifferent letters denote significantly different means (P=0.05). Means separation performed 

10 using Tukey's HSD test. 

1 t 
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Fig. 1. The Burkard cyclone sampler (Burkard Manufacturing Co., Rickmansworth, UK) 

used in this study. 

Fig. 2. The location of the two Burkard cyclone samplers in relation to fields treated with the 

atoxigenic VCG of Aspergillus flavus in the Mohawk Valley, Arizona. 

Fig. 3. The rotorod sampling apparatus developed for this study showing the construction of 

tubular PVC piping with motors inserted in joint fittings. 

Fig. 4. Characteristics of samples collected by Burkard cyclone samplers at a site treated with 

an atoxigenic strain of Aspergillus jlavus and at an untreated site: (A) weight of sampled 

material; (B) quantity of total fungi, A. jlavus, and A. niger; (C) proportion of total furigi 

consist:in_g of A. flavus; (D) proportion of A. flavus in relation to A. niger; and (E) quantity of 

bacteria. *indicates missing data points. 

Fig. 5. Characteristics of A. jlavus communities sample·d by Burkard cyclone samplers at a 

site treated with an atoxigenic vegetative coffipatibility group (VCG) and at an untreated site: 

(A) proportion of A. jlavus consisting of the Land S strains; (B) proportion of the L strain 

consisting of the applied atoxigenic VCG. *indicates missing data points. 

Fig. 6. Weather data for Roll, AZ, from 1997-1999. 

Fig. 7. Frequency of different size particles sampled by the Burkard cyclone sampler. 

Fig. 8. Passage of Aspergillusjlavus propagules sampled by the Burkard cyclone sampler 

through membrane filters with different pore sizes. 

Fig. 9. The results of laboratory tests using rotorods coated with either silicone grease or 

carboxyrnethylcellulose/water/glycerol to sample conidia of Aspergillus flavu.s (A) numbers 

of conidia sampled, (B) the frequency of encounters with conidia, and (C) the range of cluster 

sizes ofconidia sampled. 

37 Bock and Cotry 
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Epidemiology of AspergiLLusjlavus in Arizona, Figure 3 
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The ARS-ACRPC Partnership to Control Aftatoxin in Arizona:. Current 
Status 

Larrv Antilla 1 and Pel er J. Conv~ 
1 Ari~;,,lll Cncron Rescon·h aud Pro1ec;io11 Co111icil. Phnc11i.1·. AZ: : l!SDA-ARS. Snuilil'n1 Rcg1fin11/ R,··"'01·11! C,·111.·." 

,\'ew Or/1'tJ11s. L.J. 

In· 1998 che Arizona Conon Growers Association voced co establish a grower ov,,ned manufoccuring focilicy io 
provide sufficient quanciiies of inoculum of lhe ncoxigenic Aspergi/111sj/a1·us scrain. AFJ6. for scaiewiJe ireJU11e"n1 

of Arizona conon. The Arizona Couon Research and Proceciion Council (ACRPC) and che USDA Ag_r;::uhur.il 
Research Service (ARS) initiated a partnership. Goals included: ( 11 Devclopmeni of mana~enieni 'fracegies: 
<2l Optimization of application and ~gro_nomic practices co achieve shon and Jong-term alfa1oxin rt>duccion in 
couonseed; (3) Development of proct>sSes co be used by growt>rs co produce needed quancic!es of inoculum: and c-l) 
Compilation of infonnacion for full Environmental Proceccion Agency I EPA! regiscracion or . .\F;\6. Jn 200 J. ihc 3rd 
)Cat of che collaboracion. 19,975 acres were creatt'd in fous areas extending from che far wescem edge of Arizon:i 
co 1he souch cencral ponion of ch11 scace. 

Jn 2000 four areas v.·ere created. The coial l!eaced acrea2e was 16.09-l. A. jla1·us communi1ics present on crops 
and in soils ""ere characterized in created and conirol ar;as in 01der co assess cht exienc co which comniunity 
siruciure had been a leered by applications. Over 6.000 isolates were classified by_slrain idencificaiion and ,·egecacive­
compatibilicy. Treacmenc areas were separated from non-treated control fields by one mile buffer zones. Soil. crop 
cseed I and air samples pro\"ided che basis for program analyses. Toxin cesi results were requested from commercial 
!;ins and cononseed v.·holesalers and. on a limited number of fields. independent sampling and analysis v.·ere 
performed co confirm the commercial cescs. Incidences of AF36 shov.·ed variable buc positive resulc~ chroughouc 
all creacmenc regions. Evidence of treacmenc influences in control areas fsom treacmencs in 1999 and 2000 v.·as 
also dececccd. Jn che RoJUWellcon area. 80'"k of lhe A.fla1·ns on che crop after ginning was AF36 versus 27</'c- on 
uncreated control fields. Incidences of AF36 were 52-72'} on Che ginned crop in eastern and northwestern Paloma 
and 93</'c- in che souchwescem ponion. The souchv.•esc fields were created by ground wich material banded under che 
canopy. Ocher portions of Paloma were broadcast by air. Uncreated Paloma controls ranf!ed from I J-27</'c- AFJ6 
crOp incidence. ;...'onhem Maricopa County fields produced created versus non-creaied crop AF36 incidences of 30</'c-
1-s 5'"k I Laveen> and 90'k vs 39, lPeoria ). Jn ihe J\.-1aricopa-Scanfield-area of Pinal C oun1y AF36 crop incidences of 
76W (~1arachon Farm~l and 7 J</'c- !Ak Chin Farm"sJ compared favorably to an I I '?c al'erage in uncre:iced concrols. 
The mosc precise aflacoxins resuhs cam\).-from chis ~faricopa-Scanfield area. \\'orking closely wich a key grower and 
gin personnel. commercial toxin cescs 1!'.ere run on seed piles from individual fields comprising a large contiguous 
block of conon. Founeen of seventeen fields cesced (82'1<-> were below 20 ppb. All control seed locs were over JOO 
ppb. Acco1ding co che grower. che farm had never previously produced clean se11d. 

The manufacturing process h!'-s increased co production of 1.200 pounds per batch. During 2001 design changes 
were made io che process and che requi1t>d equipment is bein!! fabricated. Jc is anticipated thac the ARS-ACRPC 
facility will be able io manufaccure 6.000 lb of AF36 material per day by ch,• end of ~002. Regiscracion of Aspcr­
gillusjlol'uS AFJ6 v.·ich the LiSEPA limited_ 200 I creatmencs co fev.·er ch an 20.000 acres. In 2001 additional safeiy. 
environmental. and efficacy daia v.·ere prol'ided co EPA. Additional ce,cs required including a1·ian and mammalian 
1oxicicy ce,cs. Jc is ancicipaced Chae ihese 11·ill be completed by early 2002. Pending chc resoles of chose cescs. full 
regiscracion of AF36 on couon in Arilona v.·ill be aggressively pursued. 
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Wheat Seed Colonized with Atoxigenic A~pergil/11sjla1•us: 
Characterization 'and Production of a Biopesticide for 

Aflatoxin Control 

C.H. BOCK ,\KD P. J. COTTY 
So11tlter11 Rer:io1111/ Rexe1Jrch Ce111cr. A![rini/111r11I R1'.t1·111rlt 51•1Tio•. L"11iin/ 

S1a1e.1 Dcpur/1111•111 o/'Agric11/111r<'. PO 8/ls /1,168i. 1\11•11· Od1•1111s. L.-1 7/1/71,1. 
USA 

Bi11n1111rn/ "{ rt/11111>xl11 r1111111111i11111i1>,. 11.1·i11x w11six1•11ir ,\>pcrsillu~ fia1·u> 10 ,.,.,,,fP,·titil'rfr 
r.rr-//lf/1• t(/fui11Yi,r-pr111/11rl11g .<1rui11.1 lws f'r<'P'ill1P.<~1· hr1'1P ,.,.,,.,..,,.,,_ 11rn/ ;,,· rlPIT1'1///1· i11 1/w tltir,/ 
.r·n11· '!( <'flll1111<•rriul-s<'ldr /<'XI.< ! 1n·mi11.f J/1-::1111 IP/I /'1'1' 11111111m ,'. /I "/w111 ·"·rd l\P/,111i:nl "it/1 
11111xign1ir A. !la\'US IP/JS heeu 11.1n/ i11 1/ir ,-,,1wr11·rriu/ triul.<. R<'l/llil'l'IPll'll!.'' ,1m· 1••·,,1/i//'1ii111 1~/ 
1/11s /"P1/m1i:<'1I rdw111 .<r<'d /Ir<' 11F.vrih<'d 1111,/ 1/w Sf'llP"<' 1·h·ld 1(/ Pr///'111 i.< r111llplfll'll !Pl ntl//'r 
.'11h.1·tr<fl<'~ Tltc ,·111t/y i·11gp,•.<1.1· I/ml 1/r,· f/111.<t r11.<t-i;{ii'<"lfrr i1mrtr/11111. f'rPlfl11rti1111 "1111/il r1•1111i1-,· 
ra/1111i:u1im1 a/ rd1r(P/ I/II" rm1i1/i11 ks::"' a(1dP<'UI .«'<'I/I 111 :5'~:·, / Pi'/Pi'/ 11111/.'llll<'/iw /,I' /1 fll 
J/"C 7i1 11n·r:,,111 J1111gal J:rmrtb 11111/ as.<rwi111,·d 1d1nt1 ug,1.-r1·g111in11 ill .'/111·1t,~1·. ,1·t'~d l111il 1'1 hi' 
dried b<.fow lJ'~{. /Pi hr 1 1111,is111rr. n/1/u111g/1 u 111ni.<llll"<' /'Ill/I<''// 1(/' J,1•;/,, I,,.,.,./ did 11111 rrd111v 
r·i11f>l/i11· iu .<ruh·d r11111ni11<·r.< .''/arrd 111 ts-:s·c 11•·1·•· u11 S·n111P1th prri"d T/i,· drt hi11pr·.<1irid1· 
lr11d 1111i11;-1·~,,,. ~111hi/i11· 1rit/IP1//I r·,'(ricrl'fllf1P11 11111/ "·i1/11·1n111/ 11•111p1•ru11a·r.1· o1( l/t"'C /iw 211 min 
Spw·11/dtit;11 1!{ 1/i1• pri;i/111·1 111•1·urn·d· rd1/1i11 .I t/11.1'·' ill ]!"C ,11.,/ /l11r:~. rrh;11r·1· /1111Pt/1/ilr "hli 
,ridl/.r lfrrru.~i,.,c ./. y x 'fl!" /'lj(pidi11,e·1 hy d11r· r. 

INTRODUCTION. 

Aflaioxin,; ure e.,\femely l<LXi~ m)'eoioxins produced by ,;ome niemb\'I> ,,f A.<flrrgi//11.< sec1ion 
.//ul"i. These fun&i a1e ubiqui1ou~ und infect man~ crop.; aad ..:rop p1oduc1s indudins peunuis.. 
c'Orn, couonseed and u \1ltiet1· of nuis /Di~a~r rt ul .. 1987: Con1· <'I ul .• 1'l<J-t1. In <trd(r 10 
keep !he uftur,oxin co111cn1 of i"oods und feeds h~luw pol<·n1i111!y J;mg~ruu,; h'l·cls. mu.<i111um 
permissibk afla1oxin comem> ate mandui~d i11 n'O>I <"OUP11ti~$. Pmduc'\' with un;11oxin 
ex~ceding these Jimii,; h"; tedu~ed l11luc. Boih hcauh risks und ihe rc"Cluccd proliwbili1r o/ 
C(lnrnminai~d etops ~n:we u need 10 rr~,·c1111he f,,1nrntio11 of,11latuxir1~ /P;rrk 1·1 nl .• J98SJ . 

Affe~icd mmerial may be d<'Con1~mina1ed u,;i11y ~mmoniu 1 p,.1 k <'I 11/ .. 1gsK1. Tile proeos~ 
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t< '"'l.11;. n«i uni,·cr>alt,· "'';<tl,thk. at\<l amm«niaic,J '"'P' ~'"""'II~ II.I'" rcd\tc<-·,) 1alt"· 
Mcthe><l~ l« r~JJtco aO;il"l<n lilfma\"11\ ttldu.J,, m:tmpui,.1ii•n ,.1· i1anv<1 <la\c 11-J,,,·). ,\ ( ''II" .. 
l'l'JY1. irrigation pr.<>lic·c IRu,,;cll el ul .. l<Jlnl. har,·c>< tttotlt«d 1Hu.,cn •'I «I .. l<J.)lt "11,\ 
.<l(lra~c prac·tic,· I Bat«"' <"I ,J .. I 997 L 

1Jin.:rnt1rul ,<[ ;10aa'-'in-pn1ducit1~· s1r:irn; w11b '"""~"11i, .. ;tr.titt; ,<1 .-l. !/,""'' " hctll> 
d,·i·d.,~,j Otl C"\lfl) I Br(l\\tl ('/ ,J __ 199) )_ C(l\\!~\""",j 1\,<\I.', l')U~ I and P•:tlll"' tOt)ftWt ,., .,·I .. 
1992\. Aio~i~cnic s1rain> arc used l" co1np,•1i\\\'d_, c~cluJc all:tl«~in pl«<IHL:tt\_;' .<tr:ttt" 
<lurinc crop ~(llonizaiion l((llt' & fla,n-an. 199.': (\<\\! <'I .u' .. l'l•i"~I. .\1«~1ccn1.- ''":tttl• 
lla,·c ken "pplic<l Htth rice k~nicl; a·ttd <\'hC;tl ;c"'-1. it; algirntlc pdki> .tuti iu ,.,,.ii,ii:i: 
su;~n>ions 1Dor<1"r <'I ul .. 1'!92: Dai~l" & Con~·. )9\15: C!ll'.'· pl•/~t lll"n .tpplicd ;i," 
soliJ formula1in;,. 1he bio>ontr.tl <teem is "'li<.tlc<l h~· <lH,i<l!tt" tlf!>t\\ trrt~ati•'"· rnittl:tli ,,r 
dc"-1 and pr.'<l~c"!!s eoniJi;i ""fltch "-re dis~r;c<l 10 1h,· "''P· 

ft<r cnmm(l\'ial use. iormuhnion< ot"bi,-.:omrol 0<gcm>' t\\usl allt<1< "''-'\ ,·tf,-..:ti'c' pr«duc1i,<11 
and a.Jcq~"\e suhilily l(l ;111''"" the pmduc\ h' be 1r:i11>r«r1cd. <l«f\...J. ,tfld oppllc,1 it\ .t 
'"n'mcr_cin111· 'ornp~tible maimer ,.·11hnu1 <i\!nilicat\\ loss in ,-i"hilil."- C,1\\_, 11'1</~1 itltti:<ll.' 
u,;cd colooizo.:d wbc:t\ ~ecd "s a J>oun:c or :ilo.<i!;cnic ..i. //"''"' in ticl,J rlot ""po.:rimct\I;. 
Daigk aod Cony 1 l'l95l e.tpcrimen1ed "'ilh ,·artnu> !Orm>,,( ;ilg1<1a1c fl<'lk< an<l 10und tll:tl 
1bosc containing "heat gluicn ;ind m_,-cc-lia or ato.\i\!"nic A. /h<tw pro<du,:,·,J inorc· ,-,,nidi:t 
ihan <<hcu1s...cd14.0 ~ )\)" B-' ,., l_I);_ )I)"~-· aricr ~day-' tt\CUh;llt<'tJI. Ho«e<'c•r. ;ilgttl.\\C 
p,)1c1 pn<d~c1 i(ln ;, n !llltl 1i-.11a.uc proc~.<l> r~qui ri1'g e<ln.>\l\UC"l~ 1b:t1 :ire c.cpcn>fr,· ,.,,!\\p:trcd 
iu n"n-pra>cs~cd "'lie.it ID"i.!!k' & Cm1y. 1997). Th~ "'"l «f <Ile hulk rr<>duci iitt· ,<lgi<~nc 
pdlCI' was eS\tma\Cd 10 be US$~.5.'1-5.t6 ~!!-' ,.·hile lhc 'OS\,.( !!'l\Ca\ i,; l'SSIJ.I ~-11,2{< kg- t 
lnhcrcm dinleuhics at<d e<pcnsc 1.-f prc'<luci"g ouOicicn\ :ilgin:tt» pdk:-: 1>" largc·>«"k ticl,1 
1ri~ls hampered f11c1her 1c>1in;!. Ne,,· metho<l< for the produC\t"n ,,r al~inatc pell"\' ma.' 
help rcduc-e the 1.·os1 0fencupsida1in~ biocotll<.\ll a~'<:nt! 1b,<i~k '"' ttl .. lW1; D"i;k t'/ ul .. 
1'}981. Huwe,·cr. the simplicil!' and hel<l ~ucc"S-' or cnloniz"'I ,.-heat ha; kd ll> I" d .. ,·~lt'p 
\ho\ ahern<t1ice. 

Since !989. the wheat seed formufa1i1.<n 1-a> been crnpiric·all.' in,pr,wc.J. :tt\J l:<rg" ~:ik 
field lrbls 1200 h" in 1997 and 199$1 dtr°'icd :\\ prcecntitl~ aft:ilo~m cun\amin;nicm "I 
Cfl\\"ns~d h~<'e been unJenaken. using thi~ produc\ a< the >nk """ulum wur~ tC(lll.>. 
1997). These 1ri"ls ha,·~ been strc'ngl,c s~pportcd b;· 11:><: asricuhural ,"Ommuni<y in Aril<>n.t 
1Anon. l99Do. b: Ra.'·ocr. 1<J9$). The prnccs;- f(lr colonizing u·h,·a1 '''tlh .-1 //"''"'' ha.c h~<n 
incr~mcm;ill~ modified and ihc current pro~~.,;. u<~d 10 pr,'<lucc :~1\0 k~ t)f c(lh<nized "'heal 
tn ~ labor"ior,· in \wo rnomhs. h;i;; <~JI,.- bc·eo repoctcd in rnaicrioh ~ub'11n1cd \"the' Unt\eJ 
Sia<C!. f.m·ironmen\al Prn1eeltOI\ ABency i£PA1. 

Anr mc\hod use<l \0 comrol an agricultural f'h'hlen' l"l"I tit the cC<'n(lmic< (lf the 
pro<lu~iion >rsle<n. The foUn"ing paper ouihne; ih< pf!'<iu~ti~n ur ,nt inC'f''""'iic and ~t<tble 
biopcsiie'idc intended ror u.<e in prl".1cnnnu al1a1,1.'\it1 ,"01\l"mrnrnion. £.,penmen\,; wcr" 
uod~i1akcn 10 charJ,terir.e be\ i;r 1h~ c·nlonizCd '"·h~al u ;cd in '"n'merf'.i"l licld 1c,1.< curn:m 1." 
uodcr,.·a;. u·hik "Plimiztnjl :rnd r~>lnins \Ile pr<wc>> u.<e(l 1•' pn"I"'"' this pr,1Jue1. 

M.>.TERIALS AND METHODS 

Gtn~ral i'>kthod• and Protocol 

""'"""liot<, '"''"""'''~' """ ,/rt'i<\\' u/ <ttt!f<'t1"1- A •ian.Jard pr(lcC.<., for rnamtfo"Utrinf 
·1./l«t'u.< C'11(lntted whca\ ,.-.,~ 1<1lim-ed b_,. the EP:\ 1tndc1 Expcrimcnt:tl U"' Permit l)\l2.:~­
EUP·R. ln iha\ procedure. I kc (lrh:trtl r.'d wm-er w11co1 .ICc'<l IOra:ioic Gc:aJc. Arnm·hc;<<l 
Mills. Hc~l(lrd. TX. USAI "''I' "dde,J <n ,: 1 Nal~~nc pl:\~tk ~.ttli~ier.1.1 Nal~cnc Lahw:1re. 
Rocheuer. NY. USAI «ill> ]I\ ml oi' 1<:t1cr. Th" !!'hc'm >\'.c>tl-cumarnrnc b"tlk' "·en: rolled 
for ~ll n~n. \(l "llnu· ""en dh1ribu\i(ln ,<I the mt'i>lltl\' :rn<l am;..:1."•;,J for &H min. After 
"\\ins <"-ertlifll\\ ul r'""'\ \crnp~roturc. the 1<·1Jcm ;lc'Cd l'~" autncla''"<l It" :t ""'"nd /:ot) min. 
Ari~c coolillfl. th,· "Ilea\ "'",j "l'~ rc;id.'' lhr itl<l<!ulml!rn. ,.). //'""' •lr~in Af)~ 1Cm1~. 199-1) 

l 
I 
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''as c·ultured nn V8 ;uicc agar()';:, \'R juic·e. 1",;, ugor. pH 5 . .:1 in Petri di,hc_;_ C<'llidia \\c'''' 
harve~ted from 7-da,·-old cullures will; ·;;1eril\' >wnhs "nd ~uspcn<letl in >tcrii>· di;;t•llvil ";ncr 
Conidial cunccntr;1linns were me;1sured usinQ ;1 turbidity n"·1,·r l(lrh~c\•-Hdli~c 01g1t;d 
Dircc1-Rcadin~ Tubidimct,·r. Orhecu Analvsi~ Svsl»m> Ille .. '"""- \'ork. L'S.·\I. A lmc,1r 
ncpllclometric- turh1<lily u1til fNTU1 \'S c~lnn)' forming unit tCFL'I .ltall<l;•nl cur\'c ,1;1< 
tlc,·clupe<l t<l rel,,te turbidit:- t\\ conidial cunccl\tration. Spore' ~usp.•n.11c1n t 15(1 mL I .It >. 111" 
'"''nidi" ml-' 1 w;.s "d<lc<l 10 cad1 canister and the canisters tv~r~ roll"<l hnrizorn"I~ 1\•r .• ll 
;,I J rpm OI! a 11;..;uc• cullure roller Jlvlodul;<r Cell Production Rolkr App:1rntu.1. \\-llc:nrn•. 
Millvilh'. NJ. USA1·u, allow even absorptio1t of tlte liquid and c'vcn <lispc•r.><11 ,,r Ille 
inoculurn. Af1er rollinj,!. canister~ were incub>1tcd statk 111 ~l"C for 24 h. Al' init•atinn ,..i· 
incubatilll\. lhe wheat moisture ranged ftom 1R-32'"· (W/l\'I dcpcn<ling '"t the OJ•'i;1urc 
c·ontcnt of the st,,rting l'rarn. Moisture was det»rmined using an Ohuus 1'-l<-'i~ture Determina­
ti,1n Baluncc l ~lode! )Vl8200. Ohaus Corpor.uion, FlorhHm P;trk. NJ. USA!. After incuh;i­
l•fln. the ;;cc<l was plae»d in sterile eotton pillo<,·cascs (71.5 cm x 47.5 cm. -'"'en c:•ni~1crs 
per b;1~1 and plac~d in a lorccd·<llr tray O\'en {Proctor & Schwartz. lnc .. Phih1dclphi:1. PA. 
USAI ;11 5~·c to d~· for 48 lL lncuming air was ducted through" HEPA-fil1or. Sec<l '"I" 
lh\'n trnnsl'erred to 19 I pol)<elhylene food co1n11iners (Letic" Cnrp. Rochester. )I.ii. USAI 
1'or stornge and transport. 

A >eric> of tests were ~rformcd to optimize the abuvc proc't!dure nn<l to cbnrJcteriz,· tile 
rc~uhing product. Unlcs:; othcrwioc Stnted. treatmcni.<; were replicated th.-.:e time". ;tnd lhc 
e.~periments wen: repeated t!\'icc. AO c~pcriment~ ,1.,,rc rully randomized, 

Sr""" yie/JJ. The .<;pore yield of the colonized wheal ,,.,,, qudntified h~: placing one seed in 
cacll c-ell of a Sterile !:?·cell multi-w.:ll pll!le !Corning Gia" \Vnrks. Corning. :-<Y. USA!. 
Rcp;,c,,te~ consisted of one multi-well plme O:? cells!. Each 1rcatmcnr was rephva1ed thr« 
times. \l.'ater t 10-l:? mil· wa; added onl)' in the inter.cell spaces: plates were covered. pl,,ccd 
in ~calcd pla~tic containers to pret'ent e'l·aporntion and transrerre<l 10 a water-jacketed 
in.:uhatnr a1 JI"(_ Spore yield'"" mc,,surcd on four seed rnl\dnn,I; ~c!»ctc<l l'rnm cacl\ 
pla1e. The seed were pl:.~-.:<l in " 100-ml bottle c<•maining .50 ml or 70'.'.:, «qucou> eth<1nnl. 
Conidi;i "ere dislodged hr :tgimtinn 110 ~land 1hc 1urhidi1y of 1hc _,nlutinn rnc;1;ure1l hy 
1urhime1r; :is described previous!)". The spore cnnccn1rnt1c'n \l'a_ce.~tn1pnlu1cd fr<>rn th" NTlll 
CFll s1andard curve. Tests >hO\'.·ed that wheal oecd ;ilonc did nnt contribute s1gn1ficantly tn 
the NTU or lhc spore suspensions mca.1urcd. After c·onsiderin!_! tb,, kinetic.I •ll'~porulmion 
,-n this sy_<;tcm. 7 day> w~s chosen a~ the standard incub:.tion period for Sf'l\rc yield 
'ISSCSSmcnt. The percentage of seOOS u·1th sporulmion \\'US ah" recorded for eacl\ "-""'~<;ment. 

I 'h1irrl ,,-r.1-,·J.<11u·m <1/' n1/<11ri.:rrrm't For some e.~pcrimcn1s. the seed surfocc colon1z.,1ion •vas 
llSscsscd vtsu~lly. Ten seed> were li.~e<l in an acc1ic aci<l ctlwn,nl (50:50 V/\') li.~ati\'e ;Ind 
«lt1incd with O.~·~, methylene hJue in ll1c1ophcnol. Seed were cxnmined _wi11l a di>.1c"<:till!l 
m1eroscope !X631 with oblique illumination. Fungnl coh'ni1.ation or the dnr.«:il tl•pperl and 
vcmr<1I or crease tlowerl surraccs was ><:orOO scparatd) u~ing" l-5 ""'de· I = nP coh,nization 
\'isihle::?"' 1-5 m)'t:Chal stntnds dsihlc: .~ = 6-20 myrelial Hr~nd; "iii hie: 4 ""21-.'tl mycelilll 
strands visible and 5 = > 50 my.:eliul .11rnn<ls \·olonizin~ tbe surlitcc. 

£ff Ml nf C"ncefHr~tion nr Cnnidi~ on Coluniz3tirm ol \\lieut s~c>d 
Influence of initial spore c\Jnc'l.'"tratinn 11n c.;ilt,nizatinn or whc"t ;ecd wa; "-''e~.1cd h" 
dhcrin)! the concentration nf cnnidm u.,cd in tbv >t~nd;,n] procedure. E":,Jua1,·U ,·onccmr.l­
tions included 0. IO'. IU'. 10'. 10'. lU". 1(1' or IU' conidi;1 kg"' of wheal scctL 

locuhmion Period 
ln older to optim•ze th~ required incuba1ion period. ;ub»'quent h' rnllin!' for J h. the 
inoculated wheat seed w~o placed al jJ"C l'nr 0, 4. 8. l~. :?4 nnd 4~ h. After incuhau"n. -'~cd 
was drie<l au:ording to tile Stand11rd proccdUrc und spore yield wa' '-JUUntilied. Cnlonizatiun 
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was i·i.,uall, ;isscs.1cd. T,• ass,.,~ furihcr ihc dcJ.!rc;; of n1!"1t1lalin11. "·,·J fr1•m Ii•·: Ii. S. :..: 
~nd ~~ h in1:ulrntion period,; wcr" .<urfoc•c Jj,;j,,k-..:ic•d wi1h /II"" c•1h:m": li•r ll. 1: . . 111. l•l 1. i :•• 
~1HJ ISJI ntin .. ".ftcr cth;inul trca1mc111. jCCJ 'r~rc 11usheJ l\\'icc in >t~rik 1b>iilleJ 1,;n,·r ·"''~ 
l'ungul gcrowth w",; c·i~u.11!~· as:<c~~c<l aod ;!'""" 'idd \1Lian1ilicJ ;ll'kr; J,.,, 111111 l"d:n"-' 
ilurnidit~' l RH 1. Jl"C J u> described prc\'i\Jusl,. 

Eff,•ct nf ;i.·Jnisiurc Content nn Colnnizution of \\li~~t Sec'!! 
The moi.;1ul\: comcnl required for s111.'<.·cs.<l\,I rr<'d11c1 m:,,1111;1e·1or,· w;i, dctcrniin"d i-_, 
;1djus1inl.' whcu1 rnoislul\; durin~ i11cuhrni"11 1,, citllcr HI. I~. I~. }It ~5 .. 111 ,.,. .15" .. twl"I 
The dcsi~ed n\\,,ltun: com en I w~' produced by ;•ddmg diJl".:re•11t <jLI>111til•c.< "( "'"1'r I<' wh>.B 
;ecd th:11 hmJ he"'n prc-steriliz1.'d "nd dried .. .\(tcr lhc ,;1:rnd:•rd ,1,nliz:11"'" pn•e·c;,.. lll\' ,,,:J 
wen: dried to)'~. l\\'/Wl moi~turc in lhc fon:cd air O\'C" at l(ll"C .. -\ !\l\!i,1ur' c"nt,nt "t' Ill' 
lwJ\q "'"'ob wined by nddinf' ?o ml 0f spnr.;- suspcn;il)H IC1\!npri.<1n~ 51• 1n! 'P"r" <u,pcn''""· 
1-11" l!!' conidiu ml-' plus ~O ml \\;Bert lo I k~ 1Jf dried whe·:tt Th,· '°'~lln'" "("';<le• "'•'·' 
udjusted to ucltic·1"C wrfet ntois1urcs. After 2~ h irwub:111on !~l''Ct. seed "':IS UricU "'-''-'•'rJ111~ 
i.1 thc-ltandurd procedure und eoloniz~tion w:1s ri~m•lly :1s<e.<;ed. C\\h•ni1:11i,111 ":'-'"I"' 
"sses;1:d by surface disinli!ction of .<ecd <ample.' from each trc:11mc111 1ri1h /ti!,, c11lan"I l"r 
JO min t.1hown le' he ;in clfoc1i1·c 1im<' pcri.'xl in lhc pr.:1ious c1pcrirncn11. The• s,e,l "'" 
wushcd twice in >terile dis1illcd wu1cr "nd i'un!:'ul ~rO\\'th \\"U> r<>uull)' ""e<>ed :1Jicr i d:•y .• 
<1> prc,·iously described. 

F.:lfect of Sf't'd Suhsrnu~ nn Spore Yield 
\Vliem .<ecd. r~d sorg:hum. black-eyed pen>. bluck h~an< .. ;oy hc:n1s. hurk1~ rye. nat<. <:1'nl. 
Pima cottonseed. finger millet >ced nnd rice f'rain> were e1\JTlp"rcd li>r :•hilit.1· 111 SHPP•'n 
conidial produe11on hr A. /1<,,.10. The' stand.,rd procrdurc w:is li,llo\\\"d for 1n,•cul:ni,•n. 
incubation. dri ing and quanti!\cutio" e\f spore i•ield. For c"dt >ubstn•tc, IO(l.g:r.1in "·e1gil1< 
were mcusur•d and used to culc~l:nc- ,;pure yield g" '. 

St~bilit.c und Viabillt,l· of the \\'bent Seed/A. jlan1s furmulation 

Ejf;.,·1 <f •1,,11·. Colonized wheut seed m:•nufaeu•rcd b)" the sta11d"rd procc,;.<; wm' stored in 
pla~tie bug> (Quan Size. Ziploc. Duw BrJnd, L.P .. lndi;inup,,li;. IN. US.'\) ;H tO,'llt 
lemperuture l'rom 12 May 1995-15 Oct\\hcr l99i. \'iabiluy 0<nd ~pore produ,·tion \\'crc 
"~,e;,;,:d :n "ppro.1immely monthly in1en~ils O\'Cr thi.< ~ 1J.mon1h period. S1.>t!d 1rcre rand\\ml.' 
sd~eted from un indi1·iduul bag on cuch Oe'C">ill•t. Spon: J idd w:is quantified using tlw 
prOl>:dure ulre;1d,c described for ine'ubming: ~eed in muhi·\\\'ll pl:ne~. H11wc,·er. 1\!1 c"d1 
ol·cusion Ji1·e t-.'TU measurement~ l\'Crc nrndc on indi' idu<li >ced.<. 

t;ffr,·1 <f ""'is111r,· n•n1v111 1 "'"/ ,fr ring J!<-riHJ !. _ T\\ "~sc% the impuc1 or drying P<"riod 1Jn 
produci performance. colonized wheat seed produe·cd h;· Ille ;;tm1d,,rd proe<:S! "'"x dried in 
u fur1:cd uir oven for (J...138.5 h .. -\t each «1111pling 1inw. m,1i;111rc c\ln1cn1. riubilit:· and srorc 
.l"ield ll'ere de1ermincd. ln order to as.<eSs 1hc impacl e'f m,,islHr,· \'e\lllen1 on .1:abilil)' :rnd 
"iubility. <It each ~umpling time a 50 g subsample w;u x,•ulcd in un :1ir-tight pol)·prorrlcne 
conwincr. Sampl~s were >hlrcd "t room 1cinre•ru1ure JIS-2~"CJ for~ momhs und sub­
sequently u~scs1cd for "iubility and spore l ield. 

f;f/i'I'! •fh\'•11. Hc"t l\llera1•cc \\"J> US),C'S),C..J by hcming C\\lonizcd whcllt s~ed h' either 60. 
7tJ. 80. 90. 100 nr I Jlr'C for~(! min. Heuting: wai perli1rmcd ;,, 5 •nl s1~rilc gla~-' \'i:il.< I "'ilh 
k•\l!e cups! com<1n•ing 20 seed c:1d1. In :i .<e'l.\\lld ".1rcrimcnt. i;c,•d "'"~heated for ~O min al 
either 71!. 7~. 7fl. 78. RU. S~. ~~. ~h ,,r •J!r'C_ ln " lilird C-'P"rinw111. e1>hmizcd wheat was 
hcut~d tu 8!l''C fw· ci1lwr (J, 5. 10. JO.~() "r ~II n1i". In •ill e·.1pcrimcms riabilit) of lltc· 
biopcsiicidc wu.t te.11ed afler tre;,1nwm by ineuh;uing $eed in multi·1,·cll pluies "'previously 
described. Euch c.xpcrimcnt •ra.1 rcpli1.·u1cd lltre1: times :md 1rus pcrf,'rmed ll\'ie'l' In "rdcr tu 
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(h'termi110 1h,· nclual heat e~posurc o( the product during \\n farm stc1r,.g~ in ""'t"rn 
Arizt1na. 1empcrn1urc d;ornloggers !HOBO·Tcmp. Onset Comput~r C\\rf'c'ra1ict1t. P,1,·:•>>•'!. 
"'11\. USA) were plac~d in wheal conrnil\ers >hipp<;:d tV Arizol\:t (or u:;~ ''"th\' l')\)i :n\<.l 
!'l'IR crop;. Th~ hiopc.ttidde. A._flnciu· AF36 !EPA Rcg1:1tra1ion N,,, 6922~-Et·r.11. i> 
l"belh'd for P"ckaginJ,: in !9 l polyc1hylene food conmi1"·r>. D"t•do!_!;_'\·n< "'"r~ rl.1!.'.•'1) in 
plasti,· hags within the p;ick~gcd produc1 :ind lhus 'l\·rc e~pu.tcd 1'' tit~ >;int~ !.'.c'1tJiti,,1\i '" 
1lte product to tltt point of :1rplicmion ;., form\'r's ~eld.,. 

U~ta Analysis 
SAS !SAS lnstilutc Irie .. SAS Campus Drive. Cary. NC. VSA! wa.< uied t\' anal)'Z\' 1hc• 
<.lata. An,ll)'·'i' nf ,·ariancc lANOVA) was appli~d to all mean v..in'p"ris,10.< a11d m""" 
scparntions were P»rformed using Tukey's HSD test lP=O.OS!. Rcgni·sion ;in;1ly.<i> "'a' 
us~d to in"•.ttigatc and describe the relationship> bel\\\•cn differen1 \',1ri:1blc;; !~ffc'l:h of 
dr)'ing period on moisture content. temperature on viabi!it.': .<toras-· period u" \'iabilit.1. and 
incub;iuon penod on sporulaiion). Prior to analysis. spnre )'ield d:ua fmn1 th~ subitr,lt\'· 
type tests were >qu~n· root transformed to reduce heterngeneit~ of \':tri:u1"e h~111·c~n 
tOl.·atmcnts. 

RESULTS 

Spore Production on \Vhea! Sefll Colonized bv .~. flu1·us 
Al ,31°C. signifh·ant numbers of >pores (5-4 x. 10' conidia g- 'l were produced "itltin ~ day~ 
!Figure I! and the quanti1y produced rapi<.l!r mcreascd from 4-7 d.iy,;. Tltcr~•ti'ter. tile r;\tc 
o(spure produclion slowed until the tes1 was terminated at !4 <.la~·> J6.5 x !O" Clll\idia g- 'I. 
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J I 
NumbeT of conidia added/kg of wheat 

•Test 1 
oTest2 

FIGURE :! Etfc'CI ~r >rorc """'"""4'"'" ,,( .-1. r/,,..,,_, '"";" AF.'(• "" .,1,,,,, ".,.,I "'!"""·";..,, ""~''''"'"' 
<oluiion i\" Gomi"''"--"~m1~J:ol n1<>Jcl. ! ~ c' ·•·'·' - ' .... , .. ,,. R' "''-~-' 

Elfec1 nr Cnnccntratinn nr Cnnidia nn Cnlnniiutinn or \\'heat S(•,•d 
ln,·rcascd conidiul .;onccn11ation rc.(u11,·d in hiclter i1t('tJcn,·c· ('('·"h'nil,·d wheal '"·cJ tFi~\\rc• 
~!. Coloniiu1ion increuscd signitk~ntlY l'itlt gic~tn ~nmdi~1,·""''''""na1n up I\' Ill' .;111;iJia 
kg- 1 Increases in cotonii;nion :\ho•·c 97':' .. \\\'f\' 11t,>t 1i~n1Jicam 1Tukcy"' HSD. I'= tl.il5t. 

Effcc1 of Jncuh3linn Period no Colnni1.atinn nf \\·b(·ar S<.'t'd 
lnitiul C\'<tluatiom; sug~e~tc•J incubatin11 P''rioJ d1~; 11nt mil11c·11,·c· lit•' ,·x1,·1tl \\I' wh~:\I 
_-olnniiation hee:1u~e HH1'i,. or 11tc er~lu:m:J ;ecd l'r\\nl all in"uh;n1\\n pcrioJ; pri.1Jnc·cd 
~toti~tieally similar tP < 0.05! spor,· yi,IJ~ 11.5-11.5 \: 10' ,·(111iJi<1 g ·' wlt,•:it <.:.:Ji. H''"\'\\'r. 
11\i,·roS(Opie e . .;amination or the ~ui'faCc ill\fica1eJ ;ill i1tl]U,'l1"c' 1'f ill\'Uhm11111 p,.•ri,1;;l Oil ;"cd 
~urr:a·e eolnniz;tti\\11 !Table 11. \Vhe;n inci:hateJ t(ir !~-IS h lrnJ great.._.r 11'"' tl.lt51 ,\,h\1117.a· 
111\0 on lh,· dors:il ~urfoc,· lltan n-lt-~t itlC:u b:ucd f\tr !1-/; Jt. ;mJ c'"l(lnii;iti"ll c\( tl1" \.._.lttral 
'urf;i(•e was gN"mer th:m on lhe dor>al surface at~ and~ It. At tin"' lt. C\\l(lniiatk>n JiJ 1n1t 
e.,c,•ed unin,,eulrned (1\ntroll; and no rung:il mye,•lia irer' ,,~,·rvc"I 1'11 tl\\ri:11I ;;urfo_-,·~- ,\t 
IS-h ineuhution \lr mur,•. tit\• I\\'\\ ~urfo,·e;; had 1in1ilar k\.:b ,q· ('til,•nization. SurE1cc' 
disinfo,·non of the "heat ~'ed :iloo i0Jic:11etl tltm ;ced inc·nh:it,·d f,1r ~4 h nr 0101,· was h•:tt"r 
eoloniieJ by A./h11r1.1· titan seod in_,oh:11eJ liir Ii h or ks> JFi~ur" .11. .-\ h1w pi!r("~nt:1sc 
15-IH'l:,1 or ~eCll colonized for~~ or~~ h r,·1aincJ ,-mhk .·!. /f1n1u after wa~hin ... 111 11r: .. 
ethanol for 3 h. -

Eff,•c1 of .\loi~Tore Content nn Coloni7.aTion of \VhcDt S\•ed 
Mi,-r,,~·,•pic: ,·~rnnin;itii•n f\'\'~~kd ,;ignilka"t t 1' < ll.t1;1 Jilkr.;11,·cs i11 th,· amnunt ,,f limgal 
~mirth nn occJ i1wub;11,·d with Ji11"re111 nmi>ture C1Ht1,•nt,: !T"hk ~1. lleh•ll' ~5':· .. m0i~turc, 
fun~•tl f!l\1\\'llt "''"' 'p:ir>e vn hoth ~cc\J ,;urf.,,·e~. At ~5·: .. mui~tur' a11J :ibo\'c, ltl2'\.,'lial 
grO\\lh w:i. Jcnsc. Si1nilarly. the ""1·~,.._. Ji,;info\'ti<'n with 7tl': .. ctlta11ol ;lt11w,,J gr,a1,·~t 
reJue1ion in suni,·al when ~ecd w:i~ e11hini~c·J ;I! 211';·,, 1t~\i.<1t1rc "r los~ tFigur.- 41. 

., .. ,. 
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T .1,llLE I Ell;,.-, <'I •n<ub;m<'n r<n<>d ''" ~·hca• ;'"'-'d c"I""''"'""" ~) 
-1. I"""·'-"""''" .~Flo 

ln,·uba•i<>n r<ri"<J 
L1'<1<r ,uri;,I''' '"' Urp<r '""""" 

Ct1n1ml" 1.U" I.~·' 

" I U a~ I."" 
:.3 ~ ~.lo·' 

" I 9 0 ~ _\ ~ 

'" ~-~" '"h 

" ~.' ,. ~.6 b 

'" 5J! c . ~ ~ 
·NumiJ,.'" itt a c'Olunto r,,11,,>'cd b,." """'non I<""' ;ire""'''~";,;. 

'"'"]''dill'"''"' usin~ Tu~oi·, HSD ·"'" Fun~a1,·ol1"""'"""' <'I° ,1,,• 
d1tr<al 1urren ""d •·oniral ,,, c·"'""' iln"<rl ""''"~" ""''' '"''"d 
"r"•alol) U>ing" 1-5 """lo"'i><r< I~ 0,1,·nlttni.a1""' ,-;,ib!c;: = 1-5 
m1·ce]1.ti '"""d' '"'iblo; .1~h-CU mll;oll:il '"·"'d' 1·i<ibk: ~~21·.'<• 
nt;·o~l1"l "r.inds ,·j;iblo and _o = ;- 5(] m,·ooltal >lrnnd> 1·"ibk. 

··cot"rol ""' int1culao«J. · 

- - 8h 

20 
60 

E1hanol sleril1zation period (min) 180 - 0 h Coloni;;aUon 

period (h) 

FICiURE ;, eirc.:, or di1in roooion ror ,.,triou< r<nod< "·iot• J•I"-.. <•l•an"l on >ur,·i<-.•I or .-1 _ //""'" '""'" .-\f.11o 
in <«rik wboJI <oloni>.od for dilforonl reri''<I' "I .>l"C-

EITf'Ct of Sttd Substr~le un Spore Y;eld of A. jla1·u_< 
Seed. differed signifieun1l;· 1 P < ll.OUl l in ;1bility to .cupp[)fl Sp[)re produc1io" !Table)). Bo1h 
wheat ll l.4 an<l 7.:! x 10~ eo.,id«1 g-' i11 lc>I' I ;;n<l 1. rcspc...:ti•·dyl ""d oa1s 17.6 and 
9.1 x 10° eonidia g-' in tc51~ 1 und ~- re5pee1i•·e~·) g•1vc· com<istrntly high >p;•re r"um> in 
1he two tests. Pima cottonseed 10.S und 1.7 x 10" co11idia g-' in 1c·>t:< I ~11<l ~- respt:Cli•·cl>) 
«nd corn 10.6 x l0° eonidia g- 't "fll'C;or~d to he the 1c:1,;t elfce1i•·c ~uh>lrnt~~ for Sp<>rula11c~1. 
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l"ABLE C. ~tk,·1 ui m•~'"'"" ,·1tnt;•nt "" 1;·11,-,,, '"'" ,·"!"'"'"""" ~' 
.( r/,,..,, '"""' .-lF-'~ tn<uh;tl<'<l '"' :.1 tt • 

~I""'"'" ""nt;•nt 
,. L"rrcr '",.."''' L"'"'' ,urf.t,;,· 

C•'"'"'I' I.!'" ' ' 
'" I.It" ' ' 1: ' "'' :.t ·' 
1-' ' "" :."·• 
.;tt l.na :.u ·' 
:.: -1.0 c "-~ ' 
·'" "··' " ' ' ' 
:i; "-'' c .u.c 

·Numb<r; tn ",olumn tt•llc'l\,J 1>1· ~ <"<•nlm•\tt k\\<t ~" <\I'\ >t~ttit't­
,.,,nth' dirt-oronl uiin~ Tukc;·\ HSD .'°"· Fun$>1l ,.,,htni"""'"' ,,f tit.; 

dnr;.-;il tuprr<rt otnd wntr"I <lf ""'"'' lltt~crt '""'"'"' "~"' -"''"11 
;op:tr.1t<I•' u<in~" 1-5 .'•<"k 11·h<'1.' I ~ "" <;11tnnii.1lit>n 1 '''~k: : "' I '< 
nll'O<:ii~I ;trond< ,·j<thle: ) ~ 6-CO n\>Oeli.11 ''""'"' '"'bk; .I~ : 1-;'\t 
m_;,..,1i.1I """""' •t1fblo '"'" 5 ~ > 5tt ;1t;<·d1.tl <1r.1mh l'i;i~k 

"C<1mrol nnt tn(>.'ul,,t.·d. 

Mois1ure ('%) 

FIGURE 4 Elf•ot "fdi<tttfrott\\n "iti> JI\'.,. otlrnnt1I '"' :o mtt\ 1>n ltttli•':tl <>f .-1. II'""' otrJin AF36 in 
who." in,·ubat<d "' Jilf«onl """"Uf< '""''"'~ S1:.nd;rnJ Jo1i;1ttons tSDt of ti>o mo;ns on: 
in<lt<~tr<l. 

' !: 
i' 
i 
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TA\!LE .1. Etl",~-t nf,uh,trct\C Ott 1lto Q1t:1ntit~- ,,f.1·<'.'i10lta pnl<luwJ h} J }/"'"' ;tt"i" AF)t, dttntt~ 'd.t;' 
tn1·1thatit'll 

r,~, ' Tt''I ' llu•1lr\-,I 

~"''" "' ~. Suh"r.u,• C1ttttdb· S11h<1r-•W (,~11di .• Sub,1r.tt< 1sn, (ir.t1t1>I~ 

\\'l1e:t1 !I.~ " o,,,, ~-~" o"'' .:.~ti' I Ct "' R_h' l!t.~ "" \\'h<"t 1_2 :th 11-'n..•,t\ :.!' tttt•7t \to 

R~« ~ .. 1 ·"' R .. c ~ .. 'ub; Rt<'< L.> tltltlt ... 
0:th 7.n :ob Ftn>"'' milkt b.lt "toed Fit1o~-r t11il~·t tlt• tilt\: t ! 7.-
l'••~or mtl~"t (•.,; ,, 5<'1\'lwm "" ''" S~r~lt11n\ :.~\tt.1.'t ·'' s.,_1·1>.·.m, .1.~ ,·d S<t~-b<~n, .'-8t.c.:k s,,,boalt> .':tll t I.;·" 
Bt,_ .•. ,.\\'d !'<'" ·'-·' d Ry\• 3 .. 1 <<k Rye )5ttl.ltlt :.\ 
llia,·k """n' .:. 7 ~ Blad:•C\'aj f"':t> 3) ,·do 01"ck·o_1·,,d r'''" :: "tit. 1_1, 

l'im:r Gtltt<'n«-cd tt .~" n~ ... ~ !>:""' .I . .' c1lc BIJck n.:,., 10 .. 1 \It, iht 
R:td,•y J.2do ~"ri<y " :1ttJ<-lt " l'im:t C<'llon;~ 1.7 cf Pt•I• C<'ltOn,,-cd i:.~ tit~,, ' Corn o_~t (nm -'~.n t11 .. 1~t 

·c,,.udia o"' x Ill" 
'M"""' .<,;r.tr.tti11n b;t>1·il <'n 1qu;rc tO<>t tT"n,fonn"1 d;i.t uiin9 Tuko(< HSD "'-'' :tt P =ti ti.' ""'"~'' 

(~llt>IWt\ b' ti~· <lint<: ~·1tcr Or\' tt<'I •igniftc,tt1l1· diff<rott\ 

N11t all !-ubstrates were cnnsistcn1 between \he \Wl' test runs. fur c~~lltpk. r~T rr,1di;c"e\I 
111.6 and 3.5 x 10" conidia g--' in tests l and 2. respec\1\-elr. ln addt1irm. ;ec•d .ttie 1·aricd 
srcatb· IHlO grain o.·eishts rnnscd fron1 0.6 g for ringer millet ll' )(,g for cnrtll, Th1'1\' "~''" 
"''nsiJ1e111 n<'gativc cnrrelmil1n between spor~lation cap1tci1y of the inm'ulmed subitrn\c' and 
s.:cd Weiflt! lin 1est I. -0.7360. P"'0.001. and in lest 2. -0.6590. p,.!)(l(\11. Sntalkr 
_1ceds tcndc-d lo prmluce greater numbers of spores/g of ,mbstr:11~. 

Stubill!r und Viahilit}· o{ 1h1' \\'hear S~/AFJ6 Formulation 

f;"tfi·rl tt( fiitt<'. Regres>iott un:il;·sis (.t·"' 0.005.i- - 10.0S. R' "'IJ.lllll J $l1o"·cd 1herc "'"' t\\' 
effect nf !Hornge period at r0om temperature J 1S-~5~CJ on spore ;:idd c\f ti"· binpe>ticidc 
o'-era 1'i·montl1 period from I~ tvlay l9'J5-15 October 1997 (Fisure 51. 

£(fi>t'I ·~/'1nt11.>11t1v , tt11n•1tt (rlttr( dryitt.)' p~t"irrr/,. 1 n both te.11;. ml1i:;iurc content '1> hi~ll 'll 
~7'f. \W/w\ in .<caled cnntainers did not inHuente viabilit) ewer ;in ~-1no1Hlt per\\'>d ;t\ r!\on1 
1omrcrn1ure ( 18-~5"( /. The col011ized .<ecd rernincd full capacily ti\ prnduc·c c,,nidta ~t all 
moisture co111cnto (3-31'f., '"'/\I'll. Howec·er. the fungu.1 grvw with atyr1~<1I. ~ulfy 11-hitc 
grl1\\\l1 rrnm a !C11· of !he seed S!or~-d at 26-JO'f:, /\\'/l.\'I mni>ture. The lintgn.> gre\\- durillg 
storage al moi>tures abol'c l 5'X, \\\'/wl. Thi> grow1h resuhe<l in undcsir;ible \'lun,rin~ of the 
product The moisture conicn\ of the colonized wlt~U! r<iridly !"ell in lite dr;:in~ nvett fron1 
1·r1 35'X, 1w/w1 !O '" s·;~. lwlwl nvcr 48 h (Fic-urc 61. \Vhea\ n1oisturc 11·a, red1tr1'd \G b~low 
1s·;:.1"''"'1within24h. -

E{ftr-r ~(lwt1r_ E~1remo:- hem ~illed ... __ {fn.-1t.1· rTable -<1. \\'hen s.:ed wm: h~atc•d for 10 rnitt 
(Fisurc 71. 1·1ab1lit)' decreased between 711 and 9ll"(' ir"' - o.7508. P ,.]!.lll. fur \\'S!S I ~nd 
1 combined). At 80"C. \'i11bilt!)' of l\F36 on wheat dc-.·lmed rnpidlj /r= -0.(\J77. p,.lJ.05. 
for tests l ~nd 2 con\btned1. ll'ith a 50';:, lo.>s or 1·iability witlti11 ~ n1in and 90'~;. los.c after 
41) min. Typieul temperalure.> of c.~rosure that the biocnntrol agent """ .<ubjected t\c during 
>hipping and on farm S!Or~ge in w~stcrn Arizon;t arc shnwn it1 Fieurc' 8. /l-1:t~im" did not 
exc~1'd 58.6"C. -
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FIGURE 5. V1ahilit\' ol \\'hoat ><:ed inncululod "ilh .-l>J'•·rgil/1t,/la>·••·' '""'"AF-'~"''"""'"""!'•"·'""'" 
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·URE 7. Etfe<·1 or 1cmper.iiure on ''bbiliiy of A .li11n1., ,-1rain AF.\/, "'l ,,.n,·~1 i.;,:d. S1and,11J ,•rwr> e>1" 
1h,• mean, arr indicoaed. 

CUSS!ON 

rder IOr u biopesticide to be useful it niu~l mce1 spcdlic criteria: it 1nu>1 have .1111llcient 
·th both durin£ culture uud in the rd<!ase enl"ironmenc. h«ue <>dequu1c ell\c~cy. minimal 
uction coses. and good shelf life. prc!er.ibly Ul leas! IS n1c,1llh> tC1)11ch & lgnoll"o. 1981: 

c1 ul .. !994t. Efficacy of wheat seed colonized 1:>:· A. //11111.'· in ciisplu..:iu_g ;11latoxin-
11cing s1ruins and reducing ufh11oxi11 concamin:ui.:rn of cc,ttOn>ccd ha> been 1ic1n11nslrl!tcd 
·Id plot exp~rin1en1s !Cotty. 1994). ;ind pilot studies in ~·on1n1ercial ~C'ttlngs I Rayner. 

The curren1 ~lud;i highligh1s ~ome or che adra111a_ges cir the '\'heat >ccd rorn1ulution 
'arcd to poccn1ial alccrn;.itiv<!S ;.ilre;ldy considered rOni_gk & Con~>. 199.'-. !997J. The 

seed/A . . tioru.1· product is particulurl) ·.str<1igbtfor<n1rd 10 produce <ind eliminates 
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f IGUR E i;_ T<mp<ra1ure> uperier.eotl h)' whca1 ,.;:ed •olonir<d h; .-l. fi.,,..,_,- <Ira in .'1 F.\h <l<1ri"; «'""'"'"·i.•I 
u'c in "~"•rn Ari>onw. The ma1erml "'"' "''"'ufoe1ured m Ne«· Orlc.m,, L<'U><i4n;,. ;ln•I 
•h•rr•d •o Roll. Arirnna. "TI•r• ii ""'~"01ed Gn form un1i1 u><. 

cun1bcr>o111e m~nufacturing needs required in al~inu1e pellet 10rmul:11ion ID:iiglc & Cott;-. 
19971. 

Using a 11murnl sub.11ra1c like wheal s~d is prncticul. \\'hca1 seed;;; rc1:1ti1cl;- _i11e.~pe11oi1·e 
,,.,, USSO. IS-0.26 ku- '1. rcadih· m11ilablc und alrcud~ hus chaructcriiti~s 1hat arc i<klll 1i:n 
application 1g.rnnula"r and flowablc1. \Vhe~t oced al~~ ha~ tough ou"·r C(1a1> 1ha1 prcvc11t i·> 
damage to 1l1e dried producl. Coloniza1ion or tl1~ wheat prior to applica1io11 rLxluccs 1h~ 

likelihood that the whca1 will be exploited by otl1cr. unin1cndcd micr,\<1r~anisms. Tl1~ 
prnduel h~s been successfully applied in con\111ercial operation; al 10 kg Im-• u~in_\: a !'-· 
i;ranular applicator I for example. u G:md;· Box). a muck spreader. ;111<.J an aerial applic:11or. 
The l~ttcr will be particularly importan1 ir larsc arc:is mu$1 be treated o\·,•r rd:1ti~cly $hon 
P"riods. 

A. /lil<ns grows cxtremcl)' well on wheat. and produces c.~eellcn1 spore yields 1-
15.7 x 10~-7.9 x 10~1 arier r da~s incub·otion. Prt~ious s111dic; w'1th art'1fic'1:1I 1>1cdi" (D:i'1glc '·' 
& Con); 1995. 19971 indicated tha1 alginate forn\Ul:uions produce m(lrc conidia than whca1 
~ecd 14.0 x 10" S-: \'$ l_O x 10" £-:. a·spect11·cly "lier 7 da)"S inc11ba1iont. However. the 
ud•·anta!_le in conidial produc1ion m~y not warrDnl the :1dd1tional cos1 \\f alginate produeuun 
1101al bulk cos1s up to USS5.76 kg-': Daigk & Cott). 19911: ultl\ou~ll ;Ii simplified ma~.: 
pro.duc1ion procedures arc de•·cloped. the cosl for alginate m:iy (;ill considcrabl~ ID;ii~lc 
M' tr! .. 1997; o,1iglc ('r·,1f .. 199SI. A further potunnal ad•·.iniu_[!e of n·hca1 ovcr ;iJginmc 1ha1 
has not been tested may b~ 1hc durmion or i1s i111egnt)" u11dcr licld eouditions. thcrchy 
prolonging spore production. Jn tl1c currcnl s1ud)'. wheal "'"~ .c,111;istcn1ly an excellent 
>ubs1ra1e for sp(ire produc:ion. Substra1C.< with lurfcr purliclc siz~~ pr,1duc<!d fewer opo~s. 
This ma!' be explained b;o 1he surface area 10 colum~ rJtio~ of th,· differcn1 seeds. L:ir~c 

seeds have u proponionutel;· smaller surface area rrom which tu produce conidiu. 111 the 
currcrit tL';I. St:"ed size 1·ari:uion may ha\"C intcrl<:r~d 1rith dclCL'tion oi" inAucnc~ from ;-· 
nu1rition~J differences am(ln~ ~ubstrnt~s. T,, C\'<ilua1c these in1\uc11cc>. 111~ •·arious substrates 
should probably ha•·e been ground. and uniforml;· pclloiiz,-..J. 
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Sterih: wheat C<\loni7.cd by A . .f/11nL,. sh<'W> remarkable ii'11g tcrn1 >1-.h1l11~ <Utd 1<'kr;111 .. · .. · 
(ti' heat an"d 111oisture. In th~>c studi1'> the i"ungu~ survived i"or ~ 1J n"h1111l1> with 1u• !.'" 111 
,·i;1bilit\' wl1c11 ;;1orcd ;11 ro11n1 ten1pcrmurc (;ind ,.,1 (•': ... m\'i~nircl. E\'e11 at ~5''··· 1u/\,1 
0101s1u~e. sun·i\·;1l e.\tended thr,\ughout the 8 n1onth ,;tud~. 

At o·: .. i,v/\\'I 1nob;turc. the end use product sun·il'cd 7U''C for :n ka-,:1 ~II 01111. lndccd. thc 
product is routinely dried durinf n1:inui';1cturc :It j~"C l('r -1:'; h aud rc1a111' IUU" · 'iatiili1~ 
Pre\·iou> studie> (D;iiule & Cotti'. 19951uxinc11luina1c l(irmula1io11> 111d1catc•d tc11tp\T<\\11rc 
in excess or 32''( and RH in c~cc~> or 50'X, l"l!>~ltcd in rcduc·cd d.ibili1~ 11 ithin" 1'c11 11a'111h,;. 
The C\tensivc product stability observed 111 the curr~nt study makes pn'tluc1it111. tr<ill:<[l<ll"I. 
a11d use more co1nmerciallr con1patible. This htgl1 .<t<1hili1y ,;ltould <d.ll' all<'". <11rr1,·a1 d11ri11!,' 
un1'<11·oratilc periods i11 the field ;ifter applicmion. :\ir tcn1pcra\\1rc·.< 111 1l1c fidd in Ari7.<'11'1 
freque11tl)' c'.\Cttd 40"C 1Azr..1ET d;ita. Roll. Arizona. JUIJ-Sc•p1cn1ber lll! tile' "''rid "'idc 
web al ht1p:/lww11::1~.arizoo:i.cdulazmct; Bock. 11npubli>hed data1. bul 111:1.xinw C\CCc'\i ~ti''( .. 
0111~· ocL·a.~i(1nall~. Howe\·er. after applic:ation whe:i1 n1ay be e~posed in l\1!1 .1u11 011 the ><'ii 
'11r1'ace 10 temperature;; over 70uC !Bock. unpubli;;hed d;(\al. ll" i1ppiic;11i(1ns arc l!l<idc· 

in1n1edi:11cly prior 10 irrigation. prolonged e.xpo>ure 10 1c111pcn11urc> i11 C\c·cs,; ,,r f<ll"C ,<jll 
tie ;1,.oi<led. It 1night be prudent to del;iy applications until canop} sltadc· c;111 ;1n1cliorah' the 
1.:n1pct;11urc 10 which the product is exposed. 

Co>! saving m.iy be 1oade at sel'eral st<igC.< in the m;1nuC1cturing pn'L"C>.i. Colo11izilta'n 
c<1n occur ,,·ith n1inimal water f::?5'Yo moislurc) ;iud reduced ineubatio11 (If: ht, !1111\c currc11t 
slud~· drying to lS'Y.."\1·as sufficient to preveot fungal gro11·th i11 stor;igc. Thi., is CP11siderably 
le~.< dr.1'ing 1ha11 prel'iously employed. lf fungal gro1t·th occurs berorc application llow;ihili1y 
and dispersability will be reduced. Furthermore. prcmmure i"ung;1l gro•qh 1<a,;1e> rt:.'><'11rcC> 
needed ufter application. 

The amouo1 oi" colonized wheat seed added in the field is rclativdy lc11' i lO kg ha .. ' l. 
Thi~ application rate effectively reduce~ aftatosio 'vithou1 increasing the o\·crall quantity of 
A./la1·11.' on the crop {Cotty. 1994), The production or colonized wheat. us outlined here. 
requires relatively small qUaotitics of Conidia. To put the required q1mnuty in pcrspccti1·c. 
consider growing .-l./fu,·11.< on wheat seed aod using the cooidia fron1 that seed for the bulk 
iuoeul;11ion of further seed. Assumi11g l !,' (about eight grains) of ,\'l1eat seed produces 
7.0 x 10~ conidia. and cacb kg or seed requires Ill" couidia (or odequate colooizati('n. it 
>houid be> possible 10 produce !000 kg of llna! producl (ii qu<intity ~uftidcnt to treat I (!(I ha!1. 
"·ith the conidia produced rrom ju>1 I it of colonized >tc>rile wheat. lo additio11. 1hc .-1._l/,1n1.rl 
,,·heat ~ecd ronoulation is axenic. while the alginate sy>1en1 suil\.•1-,; nticrnbial C<lnt;1n1i11;11i,,11 
d11ring. the production c~·clc !DHigle <'/ 11/ .. 19981. 

Wheat seed colonized with :110.xigenic .-I .//ln·11.r 1n;1y have l!pplic<llion 011 1na11y crops 11·hcrc 
afla1oxin cootaminatio1t is a ·recurren1 problem lBro1r11 "r <1/ .. 1991: Dorner 1·r irl .. l'J9::?1. 
Similar formulatioos may also bc rele1·ant t(1·aftatosin c:o111rol in less de1·clnped countric.'> 
where <1fl<11oxin can be a serious problem on staple rood like corn (Scn1<1tou ('r 1r/ .. 19971 
and groundnuts 11'-1cOonald & Mchan. 1989). !t >ecn1s likely tlt;11 ~pecific strain~ well 
adapted 10. and native iu target rugions and L·ropx c\"ill tic needed. H11,rc1·er. thL· nianuf11ctur­
iny .procedures outlined here sl1ould be \1·idely ;1duptuhl(' e,·ca in rdatit..:ly lo1r 1cd1n<1l,1g~ 
areas. 

Finally. graio und other nau1ral products arc routillcly u~cd a.> n1edia IL1r c11lturc or di\·crse 
fuoyi ICABl. 19831. Thi> may indicate that >imil~r. i11cspcnsiv1.· produc·1io111nethods may be 
applicable to (ormulatioo of other binpesticides. For csa1oplc. Trir/111d1•r11rir .<p. is effcctilcly 
app!i~d io a prC!,!Clatinizcd >1arcl1/floor sn111u1<1r lhrn1ulation ( Le1,·i~ <'I 11/ .. 1995). but work 
in India !Sarwant ~r <1/ .. 19951 indicate'> Trir/111,/(••·11111 sp. yr1\,,·11 111\ agrk11ltural waste ;il~o 
cootro!s fungal pu1ho~c11s. 

Ultimate con1nterciahzatio11 oC the w!1eat seed.~. 1/11111,; Corn1ul;nio11 und n1<1nuf~c1un11u 
pro"es~ will depend 011 ccL1nun1ic,; c'f productio11 1·cr.>u~ the bencfit> or a!lat(1sin control. 11 
seems likely that h:irrin~ capital in\·estment. the costs c\f producing >tcrilc wheat colc\nizcd 
hr an moxi!:enie s1r;ii11 o( .·t. /l<1rt1.t will be low. The 11ltin1atc :>uCL\:SS or such a ~cotur~ n1ar 
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lie• with tbc pcrcl'ption or the economic bc11ctits and risks h<'\h 1q1l1111 a~nc·ul1ur:il c'11111nu1111· 

1ie:> and w11hiri society us ;i whole. 
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I. INTRODUCTION 

Afla1oxins. me1abolites produced by several members of Aspergi//us sec1ion F/avi. 
pan:icularly. the fungi Aspergil/us fiavus and A. parasiticus, occur in food and feed 
crops before harvest and during s1orage. These compounds are toxic an. extremely· 
carcinogenic when introduced into animal systems: therefore. many investigations 
have focused upon identifying technologiCs to inhibit fungal growth andJ0r aflatoxin 
syn1hesi·s in crops to preven1 contamination and subsequen1 consumption of these 
1oxic compounds by animals and humans. 

A .. gene cluster" (over 70 kilobases in sizeJ in A. fiavus and A. para.si1icus has 
recen1ly been iden1ified_upon which reside almos1 all the genes involve~ in aflatoxiii 
biosynthesis. A few of these genes appear to be "environmentally responsive," and 
their expression may.be regulated by several factors that affec1 aflatoxin production. 
such as temperature. pH. plant metaboli1es and carbon. and nitrogen sources. The 
molecular regulation of this gene cluster has been characterized in some de1ail. 
including the identification of a regulatory gene and a common regulatory relation­
ship between fungal development and toxin synthesjs. This critical infonna1ion on 
aflatoxin biosynthesis provides us with an oppo11uni1y to target specific sites to 
interfere with afla1oxin fonna1ion in plants. 

Aspergillus fiavus is the most common causal agent of aflatoxin contamination. 
Communities of fungi that fair within the species Aspergil/us fiavus are highly 
diverse. Strains of A. fiavus may belong to different genetically isolated groups that 
have widely varying abilities to produce aflatoxins. Some natural A. fiavus strains 
produce no aflatoxins. These atoxigenic strains have been '"seeded" in10 agricultural 
fields so that the atoxigenic strain predominates the fungal communi1ies. The 
increase in atoxigenic stra.in occurrence resuhs in reduced vulnerability of crops to 
con1amina1ion without an increase in the overall quantity of A. fiavus in the ·field. 
Identification of critical genes governing afiatoxtn forma1ion could also lead to the 
conversion of any ecologically successful A.jiavus or A. parasi1icus strain. through 
gene disruption. -into a designer non-aflatoxigenic biocontrol strain that could be 
used in aflatoxin management programs directed at competitively excluding afiatox­
igenic strains in specific environments. 

Effons are also underway to inhibi1 fungal growth and/or aflatoxin fonnation 
through enhancemen1 of host-plant resistance. A great deal of knowledge about the 
mechanisms involved in na1ural resis1ance in certain corn inbreds has been produced 
through inocula1ion of kernels with reporter gene-con1aining A._f/ai·us (1es1er strains). 
By moni1oring the degree of fungal infec1ion and toxin production. resistance mech­
anisms have been iden1ified on kernel surfaces. beneath the kernel pericarp, and in 
the embryo. Cenain kernel physical componen1s and antifungal proteins have also 
been shown to correlate 1,.vith high levels of resistance in corn varieties. Additional 
studies havr; led to the identification of a variety.of antifungal (to A . .fiavu.s infection) 
peptides, proteins. and genes from several host and non-host species. Knowledge 
gained from studies tha1 establish plan1-Aspergillus in1eractions. host resistance 
mechanisms. and consequent afiatoxin formation are being used in plant breeding 
and genetic engineering strategies to suppress aflatoxin production in crops. 

' • 



186

_, _ ... ,_, 

-- ------ -- ----

Genetic and Biological Control oi Aflatoxigenic Fungi 209 

11. AFLATOXIN-PRODUCING FUNGI 

.,;11 aflatoxin-producing fungi may be assigned taxonomically to Aspergi//us section 
Flavi. These include Aspergil/~sflavus and Aspergi//us parasi1icus. as Well as several 
less common taxa including Aspergi/lus nomius. 1 The aflatoxin-producin-g group is 
considerably more complex than previously thought; for example. strains of 
Aspergi/lus 1amarii have recently been· shown to produce aflatoxins,: and new taxa 
may soon be described as imponant afl.atoxin producers. historically only found in 
the previously named taxa.:--1 

A. flavus, a species that is ubiquitous in warm tropical and desert environ­
men1s.1.s is a highly diverse asexual species that can be divided on the basis of 
physiological. morphological. and genetic criteria; however, most crop contarnina· 
1ion with aflato_xins is apparently caused by either the Sor the L stra.iils of A.fiavus. b 

The S strain can be separated on the basis of sclerotial morphology and habitat. 
The S-strain isolates produce. on average. significantly higher levels of aflatoxins 
than typical or L-strain isolates. In some agricultural regions, S-strain isolates 
dominate and are responsible for most of the aflatoxin-productng potential of the 
resident A. fiavus communities.'·9 However. S-strain isolates frequently vary in 
virulence, with cenain isolates failing to produce the primary pectinase needed to 
ramify through host tissues.10.11 Thus. isolates with the greatest aflatoxin-producing 
potential do not always have high virulence. Conversely, isolates tha_t do not produce 
aflatoxins in crops may be very effective in colonizing and ramifying through plant 
host tissue.6 

Aspergil/us fiavus populations within agiicultural fields are complex. with mem­
bers of the population further divided genetically by· vegetative compatibility which 
limits gene flow between dissimilar individuals. 12 Both S-strain and L-stra.in isolates 
are composed of many vegetative compatibility groups (VCGs). 13·1J Genetically 
disUnctA.fiavus strains frequently interact during dispersal. growth. and crop infec­
iion.1·13 Multiple VCGs commonly reside within a gram of soil or infect a single 
seed. 13 The influence of these individuals on each other during crop infection may 
vary widely. 15 VCGs e_volve largely when distinct clonal. lineages gradually diverge 
as they spread spatially. This gradual divergence among VCGs can be measured by 
distinct random amplified polymoqjhic DNA (RAPD) markers and isozyme pro­
files.16 VCGs may also differ both physiologically and morphologically, 1 ~- 17 and the 
cha,racteristic mos1 frequently examined is the aflatoxin-producing ability. 

The aflatoxin-producing ability of Aspergil/us fiavus isolates varies widely. as 
v.·ell. A significant proportion of A.' fiavus populations may not produce aflatoxins 
!atoxigenic).7 whereas others have the potential to contaminate infected seed with 
over a million pans per billion (ppb).' Isolates '.'-'ithin a- VCG tend to have similar 
afla1oxin-producing potentials. and certain VCGs have no known members tha1 
produce afl.atoxins. 1J· 17 The lack of afiatoxin-producing ability has been most thor­
oughly studied in isolates of A. flavus and A. parasi1icus and other aspergilli used 
in food production. 18 These latter isolates. typically named A. oryz.ae and A. sojae. 
are domesticated strains of A. fiavus and A. parasi1icuS. respectively, and have been 
used to produce soy sauce and other fermented foods for cenruries.J· 19 

- ---~- - -~-----
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111. ECONOMIC SIGNIFICANCE OF 
AFLATOXIN CONTAMINATION 

Aftatoxins have been found in many foods of animal and plant origin. including 
com meal. peanuts. cottonseed. spices. cass<iva. pistachio nuts. rice. cocoa. bread. 
macaroni. copra. Brazil nuts. oilseeds. pumpkin seeds. meat pies. milk. cheese. 
sausage. and cooked meat. In the U.S .. frequent pre harvest contamination of com. 
cotton. peanuts. and tree nuts is of major concern because of the economic impact 
of destroying contaminated crops. 

Since their discovery in ! 960. aftatoxins have been implicated in carcinogenicity, 
mu1agenicity .. teratogenicity. hepatotoxiciry .. and aftatoxicosis. Currently. 18 different 
aftatoxins are knov»n. The most imponant members of this family of toxins are B1, 

B:. G1• G: (see Figure 14.l I. M1• and M:. Of these. aftatoxin B 1 (AFB 1J is the most 
common and also the most carcinogenic. AFM 1 is a contaminant in the milk of cows 
fed with AFB 1-contaminated feed and is considerably Jess toxic than AFB:. 

Epidemiological studies have provided evidence of the carcinogenicity of afta­
toxin B 1 to humans (for several reviews, see reference 20). The liver is the primary 
targel organ in many animal species: however. tl,lmors in.otherorgans have also been 
observed in afiatoxin-treated species. Ironically. this effect arises as a result of the 
detoxification response in animals. Highly reactive aftatoxin derivatives ( 8.9-epoxy­
aftat.oxin B 1 J can intercalate DNA and form DNA-aftatoxin adducts. Subsequent 
cellular repair of the adducts often leads to G-to-T trans version in the coding region 
of genes. particularly that of the tumor suppressor gene. p53. A very high incidence 
<67'7c) of liver carcinomas in Senegal. China. Swaziland. and Mozambique bear the 
characteristics of aftatoxin-induced mutation of the p53 tumor suppressor gene, This 
mutation has also been associated with liver cancer in Mexico. The binding of A.FB 1 

to DNA also leads to the formation of single-stranded ·gaps. As a result. it inhibits 
DNA polymerase activity at DNA binding sites. This stimulates an error-prone repair 
system that may induce muta1ion. Funhennore. it has been suggested that AFB 1 is 
teratogenic due to its Prenatal effects on cenain animals. Its inhibitory effect on 
protein synthesis of eukaryotic cells can impair differentiation in sensitive primordial 
cells. According to epidemiological studies. raising the permissible limits of afta­
toxins in foods in the U.S. would not greatly increase the incidence of liver cancer; 
however. there is a \vorldwide epidemic of hepatitis C. and hepatitis C patients with 
impaired liver function may be much more susceptible to aftatoxins than healthy 
people. 

The national economy would be affected adversely both by the losses incurred 
by crop and livestock producers when aftatoxin-contaminated crops are destroyed 
due to regulatory res1rictions and by the multiplier effect this would have on other 
industries as a result of the reduced spending power of producers.:i.:: Additionally. 
the costs of chemicai analy·ses. quality control and regulatory progi'ams. research 
and development, extension services. law suits. and human illness must all be borne 
by the national economy. The direct cost of aftatoxin contamination in com in 1980 
to all of the southeastern states was estimated to be greater than 5237 million.:3 

While the short-run costs are· substantial for the individual and for sociery, they 
may be greater in the Jong run if recurrent afiatoxin (for example. in com) cannot 

' • 
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be eliminated or detoxified. Farmers who are unable to market their com will 
ultimately shift acreage 10 olher crops such as soybeans or grain sorghum. which 
ha\'e less year-to-year risks and considerably less net returns. Thus. the growers in 
affected areas will have fe\ver cropping options and be forced to bear market forces 
on the fe\v crops they can gro\1·. 

The ec0nomics of atlatox1n contaminruion are an 1ssut! primarily relevant to 
developed countries where iood is in ample supply. In developing countries: where 
food is some1imes in short supply. long-term _health implications of aftatoxin contam-
1na1ion are commonly overlooked. However. economies of developing countries could 
be seriously affected when the presence of even the smallest amount of 1oxin in export 
commodities is rejected by countries that strictly adhere to regulatory guidelines for 
levels of toxin in agricultural products for human or animal consump1ion. 

IV. CONTROL OF PREHARVEST 
AFLATOXIN CONTAMINATION 

Aftatoxin fonnation before or after crop harvest canno1 be prevented thus far. but it 
can be reduced by appropriate management practices. Due to the human and animal 
health implications. intense efforts worldwide are underway to remove aftatoxin 
from food and feed supplies. Attention has beeil focused on the preharvest control 
of aftatoxin contamination. because that is when the fungi first colonize hos1 tissues. 
This emphasis would obvia1e the need to detoxify large quantities of contaminated 
materials and avoid the uncertainties of gaining approval from regulatory agencies 
for the use of de1oxified seeds for animal feed or human food. However. control 
stra1egies should also include melhods for detoxifying contaminated products result­
ing from prevention measures tha1 are not always completely successful. Detoxifi­
cation can prevel)t total loss of valuable foodstuffs and reduce the burden of con-
1amination at the fann ga1e !for reviews on detoxifica1ion procedures see references 
20. 2+-261. 

A. CONVENTIONAL METHODS 

Several agronomic practices have been shov.·n to reduce preharvest aftatoxin con­
tamination in certain crops.·:7 including the use of pesticides 1 fungicides and insec· 
ticidest. altered cultural practices tsuch as irrigation), and the use of resistant vari­
eties. However. such procedures have only a limited po1entiai" for reducing aftatoxin 
le\'els iri lhe field. especially in years when environmental conditions are panicularly 
favorable·to lhe con1amination process (for revie\\·. see reference :!St. 

B. U.sE OF NATURAL PRODUCT INH!BtTORS 

To CONTROL AFLATox1N CoNTAMtNAT!oN 

There are several plant-derived inhibitors of aftatoxin svnthesis. and this subject has 
been reviewed extensively.:9 lnhibitors with unknown modes of action have been 
discovered in our laboratory30.Jt that could be directly applied to crops in lhe field. 
Examples of ·natural j:iroduc1s that may have potential in augmenting hos1-plant 



189

212 Microtital Food Contamtnation 

resistance against A. fiai:us infection are certatn plant·derived volatile com· 
pounds.30•32·'.W 

(, (ONTROL OF AFLATOXIN CONTAMINATION 

THROUGH BIOTECHNOLOGY 

Because conventional methods are only panially effective and are no! expected to 
achieve the extremely Joy.o or negligible leveJS of aftacoxin required to meel regulatory 
guidelines for the sale and export of commercial food and feed. there is an increasing 
need co develop new technology co reduce and eventually co el tminace preharvesc 
aftacoxin cohcaminacion. Three biotechnological approaches are being developed to 
exclude coxigentc fungi from their environmental niches and 10 regulate fungal 
growth or aft:icoxin biosynthCsis in crops: 

l. Inhibit biosynthecic or secretory processes responsible for aflacoxin accu· 
mula1ion . 

.., Replace aftacoxigenic strains with non·afla1oxigenic (biocompecicive) 
strains in the field. 

3. Enhance hose resiScance by marker·asststed plant breeding or by genetic 
engineering of plant varieties co specifically express. ancifungal· agents in 
the susceptible plant tissues (e.g., infected seed tissues}. 

V. AFLATOXIN BIOSYNTHETIC PATHWAY 

Elimination of preharvest aflacoxin contamination through plant·induced inhibi· 
1ion of biosynthecic or secretory processes responsible for toxtn produccion35·~ 1 

would significantly benefit from additional knowledge about the fundamental molec­
ular and biological mechanisms tha1 regulate the syrichesis of <l:fiacoxin by the fungus. 
Previous studies have dec~rmined that aftacoxins are synthesized by the polyketide 
metabolic pathway (for reviews. see references 38-401. The generally accepted 
scheme for aftacoxin biosynthesis is acetate -+ polyketide precursor -t norsolorinic 
acid. NOR-+ averancin. AVN-+ 5'·hydroxyaverancin. HAYN-+ averufanin. AVNN 
-t averufin. AVF -+ versiconal herniacetal acera1e, VHA -+ versiconal, VAL -+ 
versicolorin B. VERB -+ versicolorin A. VERA -+ demethylscerigmacocys1in. 
DMST -+ sterigmatocystin. ST -+ O·methylsterigmatocystin. OMST -+ afiacoxin 
B1• AFB, (Figure 14.l). 

Specific enz.yme ac1ivicies. including 1hose ofreduccase. dehydrogenase. cyclase. 
desaturase. P·450 monooxygenase. and O·methyltransferase. have been associated 
with precursor conversions in the aftacoxin pathway (for reviev•s. see references 
38-41 l. Some of these enzymes have been partially purified. whereas others have 
been purified to homo2enetcv (for reviews. see references 38-41 and references 
therein). The genes encoding most of these enzymes have been cloned (for reviews. 
see references 36. 37. 42} (Figure 14.l }. Alternate pathways may exist at several 
steps in the aftatoxin pathway:~1 therefore. more than one enzyme may catalyze the 
same reaction - for example. the reducrase/dehydrogenase encoded by norl. norA. 
and norB.J..J.·45 Also. independent reactions and different chemical preCursors involved 

• 
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in AFB 1 and AFB: syntheses are catalyzed by coryimon enzyme systems - that is. 
O-methyltransferses encoded by omrA and omr.84l-~50 and the P-450 oxidoreductase 
encoded by ordA.s1.~: 

Genetic studies of A. ffavus and A. parasin·cus were hampered by the 13.ck of a 
sexual stage in these fungal species. Nonetheless. by means of parasexual cycle 
analysis. over 30 genes have been mapped to eight linkage groups.~J.}I Pulsed-field 
gel electrophoresis has helped resolve karyotypes and define genetic maps of these 
imperfect fungi.ss.si> Karyotyping of several A.flavus and A. parasiricus strains shows 
rhat there are six to eight chromosomes ranging in size from approximatel~· 3 to '?.7 
Mb.~l The aflatoxtn genes were mapped to linkage group VII in .4. _fiavus.so 

Genetic complementation has been a valuable cool in the cloning of aflatoxin 
biosynthesis genes.s7 Chromosomal walking and cross-hybridization studies have 
established-,that genes for aflatoxin synthesis in A. parasiricus and A. fiavus.ss-M as 
well as sterigmatocystin synthesis in A. ntdulans. are ciustered.~ 1 One of these genes. 
a_fiR. involved in the transcriptional regulation of aflatoxin and sterigmatocystin 
biosynthesis.6!~ has been characterized from A. parasiricus. A. jfa1·us. and A. nid· 
11/ans. The function of AFLR proteins is conserved among the three aspergilJi.t>-1 
Expression of genes in the AF/ST clusters is co~regulated by AFLR. and AFLR 
binds' to the promoters of aflatoxin biosynthesis genes.6S-67 AFLR also. appears to 
regulate its own expression.6~ The transcription activation domain in A. parasfricus 
AFLR ·has been localized to its carboxy-tenninal region.68 Recently. a regulatory 
association between aflatoxjn biosynthesis and fungal development has also been 
suggested. 69- 71 Regulatory factors other than AFLR that play a role in aflatoxin gene 
expression as well as in fungal survival must be identified to provide effective 
manipulation of these toxigenic fungi. 

Expression ··probes" based on cloned aflatoxin genes and the use of reponer 
gene technology could be used to iden6fy phytological agents that naturally inhibit 
aflatoxin biosynthesis.~:-74 This knowledge could then be used to improve resistance 
to aflatoxin contamination through marker-assisted plant breeding or genetic engi­
neering procedures. Plant chemicals from crops vulnerable to aflatoxin that modulate 
aflatoxin biosynthesis have been reponed;3o. 33 . 3~.7 s-77 however. additional knowledge 
is needed with regard to the identity, synthesis, and tissue sites of these plant 
components that influence aflatoxin synthesis during plant-fungus interaction. 

The complete characterization of aflatoxin ·genes and their regulation not only 
has been extremely beneficial in our understanding of how the toxin is prOduced by 
the fungus when it invades a crop. but has also aided in the success of other projects 
seeking to develop non-afiatoxigenic biocompetitive fungi or to monitor crop resis­
tance to fungal growth and aftatoxin formation. 

VI. STRAIN INTERACTIONS AND BIOLOGICAL CONTROL 

."lot only may individual isolates. strains. and VCGs differ in aflatoxin-producing 
potential. but communities of fungi found in different areas may also have different 
aflatoxin-producing potentials.7·2 Tbe latter may contribute to variability in crop 
vulnerability to aftatoxin contamination in different regions and different fields. The 
lack of correlation between the ability to produce aftatoxins and a producing strain·s 
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nbility ro colonize and infect developing cotton bolls11 suggested that atbxigenic 
strains of A .. flav11s could exclude aftatoxin-producing srrains through competition 
during infection of developing crops and thereby prevent aftatoxin contamina­
tion. 6.i·78·'9 In both greenhouse and field experiments. simuhaneous wound inocula­
uon of developing cotton bolls and corn ears v.·irh toxigenic and atoxlgenic srralns 
resuhed in reductions in aftaroxin contamination of the developing: crop pans as 
compared with controls inoculated with only the toxigenic strains.so.~ 1 ,.\Jthough not 
all atoxigenic strains reduce con1amina1ion by arlatoxin-producing strnins during co-
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infection of crops. certain atoxigenic strains consistently cause reductions of 90'ir 
or more. 1 ~·a 1 

Greenhouse and laboratory tests indicate that the mode of action of the atoxigenic 
strains is primarily through competitive exclusion.8~ Application of atoxtgenic strains 
in 1he tield has also been shown to be effective at preventing postharvest afiatoxtn 
contamination both when the crop is infected by afiatoxin producers naturally in the 
tield and when inoculated after harvest:~o Taken together. the greenhouse and labo­
ratory tests suggest that competitive exclusion of aftatoxin-producing strains of .A .. 
_tfat·11s with atoxigenic strains of the same fungal species may provide an efficient 
method for reducing aftatoxin accumulation throughout crop production. storage. 
and utilization.6•18·51.BJ These tests. however. rely on direCt application of .the atoxi­
genic strains to either fre~h wounds in the crop or to harvested kernels. To circumvent 
this drawback. Cotty et aL..i have developed a practical method for applying the 
:nox1genic strains in an agricultural setting. Efforts to use atoxigenic strains to 
prevent contamination is Hniited 10 three crops: peanuts and corn in southeastern 

FIGURE 14.1 Summary of the cluster of aflatox.in pathway genes. eorresponding biosyn-
1he11e enzymes. and precursor intennediates involved in the aflatoxin 8 1 and B: synthesis. 
Th~ generally accepted aflatoxin 8 1 and B~ biosynthetic pathway in A. pari:i.siricus and A. 
ftavus and the identified enzymes for some specifie conversion s1eps and cloned genes are 
schemaiically presented. The regulatory gene. affR. eoding for the pathway regulatory faetor 
IAFLR protein). controls the expression of the structural genes at the transeriptional level. 
The fas I. fcu2. and pksA gene produets. fatty acid synthase. and polyketide synthase. respec· 
lively. are involved in the conversion steps between the initial aeetate unit to the synthesis of 
1he decakelide backbone in aflatoxin synthesis. The nor I gene encodes a reduetase for the 
conversion of NOR to AYN. The avnA gene encodes a P-450 monooxygenase for the con­
version .of AYN 10 HAYN. The a!U gene has also b_een demonstrated to be involved in the 
regulauon of aflatoxin biosynthesis. but the role is under investigauon. The adhA !homology 
to an aleohol dehydrogenase1. 11orr\ (homology to an aryl-alcohol dehydrogenaseJ. verl 
1encoding a dehydrogen;sel. av/A. and cyp450 gene produets have been demonstrated to be 
functioning at various stages of the pathl-'.·ay. but their exact enzymatic role has not been full~· 
characterized and is under investigation. The omrA gene encodes an 0-meihyltransferase for 
the conversion of ST to OMST and DHST to DHOMST. The vbs gene eneodes a Ver B 
synthase feyclaset. which has been reported to be involved in the conversion ofVHA to Ver 
B. The ord-\ gene encodes an oxidoreductase for the conversion of OMST to AFB1 and 
DHOM5T 10 AFB: and is also involved in the conversion of OMST to AFG 1 and DHOMST 
lo AFG:. The esrA gene encodes an esterase involved in the conversion of VHA to VAL. The 
ven1cal bar on the left represenis a1 least a 75-kb afla1oxin pathway gene cluster \.l.'ith identified 
genes shown in the open boxes. The names of 1he individual genes are labeled next 10 the 
open boxes. Arr9ws inside the open boxes indic_ate the direction of transcription. Arrows 
indicate the relationships lrom the· genes to the enzymes they encode. from the enzymes to 
the b1oconversion steps the~· are involved in. and from the intennediates to products in the 
aflatoxin bioconvers1on sieps. Abbre,·iat1ons; NOR. norsolorinie acid: .A.VN. averantin: HAYN. 
5'-hydroxyaverantin: AVNN. averufanin: AVF. averulin: VHA. versieonal hemiaeetal aeetate: 
VAL. versiconal: 'ier B. versicolorin B: Ver A. versicolonn .A,: DHST. dihydrosterig:matocystin: 
ST. sterigmatocystin: OMST. 0-methylsterigmatocystin: DHOMST. dihydro-0-methylsteri_· 
gmatoeystin: AFB. aftatoxin B,: AFB:. aflatoxin B:· 
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FIGURE 14.2 Cover of the 1998 Couon Foundation annual repon shows wheat colonized 
by an atox.igenic strain of A. fiavus as it is applied (right J and after the fungus has grown out 
(left). The couon industry has been enthusiastic about the potential for atoxigenic Strain 
technology ID prevent afiatDXin contamination. e 
U.S. and cottonseed in Arizona.80.sJ.H5-ss Emphasis at lhe Soulhern Regional Research 
Center has been on the application of atoxigenic strain technology to contn?l aftatoxin 
contamination of cottonseed in regions of Arizona. In the U.S .. aftatoxin contami­
nation of cottonseed is most consistent and severe in the inigated western desen.87 

Cottonseed produced in these valleys has a relatiYely high value per acre due to both 
high yields and high demand for cottonseed within lhe area. 

A. DEVELOPING ATOXtGENJC 5TRAJN TECHNOLOGY 

An aftatoxin-prevention technology based on atoxigenic strains of A. fiavus was 
developed (Figure 14.2) for use in lhe region of Arizona with lhe most frequent and 
severe aflatoxin contamination of cottonseed.~ For use in Arizona. a solid formula-
tion of atoxigenic A. fla~us has been .developed in which whole wheat seeds arc • 
sterilized and colonized with the st.rain of choice.s3.ss This formulation has multiple' 
year stability and tolerates exposures up to 70°C.8 ~ The fungus, in lhis fonnulation, 
can wilhstand bolh lhe severe conditions of on-Cann storage during lhe summer 
monlhs of lhe desert and direct exposure to Arizona·s severe sum.mer conditions 
after application. 

For atoxigenic strains of .4. . . fla\·us tO be useful during crop production. lhey must 
be applied at a time and in a manner lhat alloWs lhem to compete successfully with 
afla~oxin-producing scrains. In theory. application of an aioxigenic A. flavus strain 
when overall A. fla~·us levels are lov• should give the atoxig:enic strain preferential 
exposure to the developing crop and lhus the ;:idvanmg.e in competing for crop 
resources during infe.ction and during . .\. jfavus population increases associated with 
crop production.1.3: The atoxig:en1c strains are. routinely applied at 10 lb per acre. 
but it should be emphasized lhat 11 is lhe timing of applications lhat diet.ates success. 
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FIGURE 14.3 Relationship beiween 1he incidence of an applied a1oxigenic strain in 1he 
infec1ed portion of the crop and the quantity of afla1oxins in tha1 crop. (Redrawn from Couy, 
P.J .. Phytopathology. 84, 1170. 1994.) 

Dunng seasons when aflatoxin contamination is severe. A. jiavus populations 
increase as the cotton crop is produced.89 

Strains are seeded into cotton fields immediately prior to first bloom. As in 
greenhouse tests. 1$ it Was found that strains differ in efficacy in the field. and selection 
of the proper strain and the indculum rate may potentially determine the extent of 
success of a biological control strain. 90 The strains are applied to the soil surface · 
under the crop canopy in the form ·of colonized sterile wheat seeds. When the crop 
is subsequently irrigated. the atoxig:enic strain utilizes the resources in the colonized 
wheat seed. sporulates. and disperses to the crop. Wheat seed colonized by atoxigenic 
strain Aspergiilus fiavu.s AF36 has been evaluated in small-scale test plots since 
1989.81 Strain seeding has caused large and significant changes in the A. fiavus 
population on the crop and in the soil. Applications have resulted in the applied 
atoxigenic strain becoming dominant in the; field and aftatoxin-producing strains 
becoming less frequent.Bl These changes in the A. fiavus populations have been 
associated with very significant reductions (75 to 99'7o) in afiatoxin contamination.8:> 

An inverse relationship between the incidence of the applied strain on seed from 
treated and control plots and the concentrations of afiatoxins in the seed has been 
well established (Figure 14.3). 

A. fiavus typically becomes associated with crops in the field during crop 
development. Field plot tests indicate that atoxigenic strain applications do not 
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increase the amount of A. fiavus on the crop at maturity or the percent of the 
cottonseed crop infected by A. jfal'us.s3 Both toxigenic and acoxigenic A. fiavus that 
become associated with the crop in the field remain with the crop during harvest. 
storage. and processing.Q 1 Thus. crop vulnerability to afiatoxin conu1.mination 
remains until the cror is ul1imately processed or consumed. a!ld atoxigenic strains 
seeded into agricultural fie .. ~prior to crop development conunue to remain \Vith 
the crop. providing long·term postharveSt protection.~ 1 .<\toxtgenic strains ;applied 
both prior to harvest and after harvest have been shown to provide protection from 
afla1oxin con1amination in com.~0 even when toxigenic strains are associ:ued \Vith 
tlie crop prior to application. 

8, SUITABILITY OF BIOLOGICAL CONTROL STRATEGY 

Economics o( aftatoxin contamination will probably dic1ate the regions tn which 
atoxigenic strains are utilized. The current projected cost to produce ma1erials by a 
grower cooperative for atoxigenic strain applications is expec1ed to be S5/acre or 
less. If rreatments are 70o/c effective and an average of 40 to 70<:/C of seed is above 
20 ppb aflatoxins and the benefit of having aftatoxin-free seed is S20 to $40 a ton, 
then growers will gain an average return above an initial $5/acre investment of e 
S0.60-SJ4.60/acre in regions where one ton of couonseed is produced per acre. In 
severe aftatoxin years. even with .a 90'7c reduc.tion in ·contamination. growers may 
achieve no economic gain because the resulting crop will still contain over 20 ppb 
afiatoxin B 1• In cenain regions. cottonseed crops containing over 1000 ppb are not 
uncommon.9" Benefits could also arise from the applied atoxigenic strains remaining 
with the crop until use and thus preventing increased contamination during transit 
and in storage at dairies and reducing litigation. Economics might be improved by 
both Jong-term and cumula_tive benefits resulting from the strain·s ability to remain 
in li.elds until the next crops are planted. Funher. field-plot tests have demonstrated 
that atoxigenic strain applications have a long-term influence on A. fiavus populations 
resident in agricultural fields. 93 ·9-I Thus. atoxigenic strain applications have benefits 
over multiple seasons. and long-term. area-wide changes in the afiatoxin-producing 
potential of A. fiavus populations can be achieved. 

Just as dust doesn't stay in the field where it was raised. fungi do not stay in 8 
the field to which they were applied. Over time. therefore. applications could reduce 
contamination in an area as a whole. This should facilitate the development of either 
gin-wide or community-wide management programs. In areas where multiple crops 
are affec1ed by contamination (e.g .. com. canon. and peanuts). rreatments to one 
crop could possibly benerit all crops. Nonetheless. a better understanding of the 
long-term benefits of atoxigen'ic srrain applications are needed prior to development 
of area-wide management programs based on this technology. 

Tests to evaluate the longevity of changes to A. fiavus communities induced by 
atoxigenic strain applications to commercial cotton fields in Arizona have been 
conducted since J 996. The experimental program included treatments over a 3-year 
period ( l 120 acres total 1 and monitoring the.-\ .. jfavus community from 1996 through 
1999. 8~·93 Both a scaled-up laboratory procedure for producing inoculum8s and a 
quality corirrol program were approved by the Environmental Pro1ection Agency 
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1 EPA l for use under Experimental Use Permit 69224-1. During this period. over 
! ! .000 lb of colonized wheat were produced in the laboratory. The product was 
shipped v.·ithout refrigeration to growers in food-grade. 5-gallon polyethylene buck­
ets and v.·as stored on-farm v.'ithoUt special care until use. Different rreatmein regimes 
were applied to different tie Ids. with some fields receiving trea1men1 only in a single 
year and others receiving: treatments in multiple years.~J 

Sterile wheat seed colonized by an atoxigenic strain was applied to .:'.~ fields 
ranging- in size from !Oto 160 acres from 1996 to 1998. The material was applied 
either by air or on the ground at the rate of I 0 lb per acre. In order to monitor 
changes to the composition of A. jfai•us populations. soil samples were collected 
prior to application each year. From 1996 through 1999. over 8000 isolates of A. 

_tiav11s were cultivated from soil samples taken from the treatment areas. Isolates 
\vere characterized by strain. and thOse assigned to lhe L strain of.-\. .ffa1"11S were 
funher characteriz.ed by vegetative compatibility analysis in order to determine 
applied strain distribution."'~ 

One year after application. atoxigenic srrain incidence \.Vas greatly increased. 
and incidence of the highly toxigenic S strain was greatly decreased in treated and 
adjacent fields.<;~ The applied srrain incidence gradually declined by the second year 
after application: however. even wtth this decline. the atoxigenic strain remained in 
treated fields at levels significantly higher than prior to treatment. The incidence of 
the applied strain in fields adjacent to treated fields J and 2 years after application 
was variable.9.\ Thus. when planning area-wide management. possible· directional 
movement of the applied strains from treated to untreated fields should be considered. 
Crop and crop stage. not only in treated fields but also in nearby untreated fields. 
at application are imponant determinants of lhe extent to which Jong-term and area­
wide benefits are achieved . 

Results of initial field studies have allowed the Arizona Cotton Grov.·ers Asso­
ciation to pursue research and development of an area-wide aflatoxin management 
program utilizing atoxigenic strains of .4. jia1·us as a central component~.- The 
Arizona Cotton Research and Protection Council has taken the lead in partnership 
with the Agricultural Research Service to develop an effective management program 
and to establish a grower-owned facility for the production of commercially useful 
quantities of atoxigenic Strain inoculum. The Arizona growers applied in 1998 to 
the EP:\ for an atoxig:enic strain registration that would permit treatment of ::ill cotton 
in Arizona. In 1999. an expansion of the Experimental Use Permit v;as received that 
a!lowed treatment of up to 20.000 acres per annum.91> Over ! 0.000 acres were treated 
1n !999. Improvements to the manufacturing facility were expected before treatment 
of the year 2000 crop. Once the Arizona growers have a facility that can produce 
the quantity and quality of material required. they will have to undergo a development 
series during which the agronomic practi-ces associated with atoxtgenic strain use 
are optimized to achieve both single-season benefit and Jong-term. area-wide reduc­
tion in the aflatoxin-producing potential of fungi resident in Arizona·s agricultural 
areas. 

Selection and seeding of fungal strains could. ultimately. become a useful tool 
in reducing the vulnerability of al! crops grown in rreated areas to aflatoxin contam­
ination. Such selection and seeding of fungal srrains may also be useful for other 
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fungi ·that either cause contamination problems or provide needed activities in the 
agroecosyscem. Some management of or modificati_on co the local fungal strains may 
be required to enhance effectiveness in different geographical regions_. Development 
of methodologies to specifically genetically modify A. fiavus communities offers the 
opponunity to exen an unprecedented concrol ov'er the safety and benefits of che 
filamentous fungi, in the agricultural environment. This extends beyond the use of 
our extensive knowledge of the regulation of afla1oxin biosynthesis to consu-uct 
specific gene-disrupted strains without the ability to produce afiatoxins. This poten-
1ia! extends to the development of "designer microbes ... ideally suited to the envi­
ronment in which they must compete and with safety features that may preclude 
animal pathogenesis or allergenicity. 

VII. ENHANCEMENT OF HOST-PLANT RESISTANCE TO 
THE AFLATOXIN CONTAMINATION PROCESS 

Traditional breeding or genetic engineering of plants with genes expressing either 
re"siscance aga..insc fungal infection or inhibit.ion of aflatoxtn biosynthesis mosc likely 
would achieve significant control of aflatoxin contamination. This is especially uue 
for com. which possesses a large amount of natural genetic diversity with respect 
to fungal.infection. Naturally resistant crop gennplasm. if identified, provides us not 
only with a source of resistance but also nature's lesson as to the specific require­
ments of resistance (e.g., antifungal compounds, regulation of these compounds, and 
physiological conditions for bioactivity). Studies in which various crops have been 
inoculated with aflatoxin-producing fungi have shown clearly (panicularly in com) 
thac resistance mechanisms exist; however. our· knowledge about resistance is incom­
plete. and little is known about the .specific genetic and/or biochemical traits required 
for the expression of significant resistance against the atlatoxin contamination pro­
cess. 

Research effons focusing on the development of crop germplasm with resistance 
to insect injury and effects of drought, acting along with resistance against fungal 
growth and aflatoxin production. could prove beneficial. In com. the focus has 
included: (1) indirect protection of developing kernels by husk cover and anti-nutri­
tional substances in silks. (2) direct protection provided by kernel compounds that 
block fung;iJ development. and (3) direct protection provided by external integuments 
of developing kemels. 97 Investigations have also cent~red on identification of resis-
1ance to drought stress and insect damage as useful and obtainable traits.97 Insect 
damage is often p_ositively correlated with aflatoxin contaminati.on: however, insects 
probably play a more imponanc role in the infection process of A. fiavus when 
conditions are less favorable for the fungus.98 Urider conditions more favorable to A. 
fiavus (high temperatures. drought stress). the role of insect injury in aflat·oxin con­
tamination probably diminishes.98 A.jiavus may even display limited parasitic abilities 
under such conditions stressful to the plant.99 In cotton. pink bollworm damage has 
been closely associated with aftacoxin contamination. and resistance to pink bollworm 
was thought tO· be a potential solution to the cononseed afiatoxin contaminatton 
problem. 100 Early field-plot results With transgenic Bt cottons indicated that these 

• 

• 
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cottons were both highly resistant to pink bollwonn and to aftatoxtn contam(nation. 1Q1 

When commercial crops were evaluated. the transgenic Bt cultivars conttnued to. 
express very strong. susta(ned resistance to the pink bollwonn: however. B! cottonseed 
lots highly contaminated with aftatoxins were rapidly identified. 101 and in some loca· 
t(ons differences in aftatoxin contamination between transgenic Bt and conventtonal 
culctvars were not seen in the commercial crop.~1.9 :.iui This may be true for com. as 
~IL~ . 

Current research effons are primarily focused on kernel/seed morphologic and 
chemic::il (e.g .. antifungal proteins t resistance to fungal infection. The resistant 
genotypes generally inhibit aftatoxin production indirectly. through the inhibttion of 
fungal growch.1J.103.1().I 

A. CURRENT PROGRESS tN PLANT BREEOtNC STRATEGIES 

1. SCREENING ·TECHNOLOGtES 

Screening crops for resistance to kernel or seed infection by A.flavus ot for resistance 
to afiatoxin production is a more difficult task than most disease screening. ·success· 
ful screening in the past 1 Q~ has been hindered by the lack of: (I) a resistant control. 
12) inoculation methods that yteld infecctonlafiatoxin levels high enough to differ­
enttate among genotypes (natural infection ts undependable). (3) repeacabili1y across 
different .locations and years. and (4) rapid and inexpensive methods for assessment 
of fungal infection and aftatoxin levels. S.everal plant inoculation methods for assess­
ing crops such as com and cotton for resistance to A. fiavus invasion and subsequent 
afiatoxin contamination have been tried with varying degrees of success - for 
example. the pinbar inocula1ion cechniqu~ for inoculating com kernels through husks 
with the fungal conidia. the silk inoculation technique in com. infesting com ears 
with insect larvae infected with A . . flav11s contdia. wound inoculation of cotton bolls 
or tree nuts to mimic 1he exit holes of insects. ecc. 1ot>-il:l'I Amending soils containing 
developing peanuts has also been examined for assessing resistance to .4. fiavus 
infection.110.111 

a. Corn 
Screening studtes to evaluate various crop genotypes for resistance to aftatoxin 
contamina1ion have demon·strated differential levels of resistance in the crops. but 
the genotypes all showed only panial resistance. However. 1wo resis1ant com inbreds 
(Mp420 and Mp3 l3E) were discovered and tested in field trials at different locations 
and released as sources of "resis1ant" gennplasm. 11 ~· 111 The pinbar inoculation tech· 
nique (a precision kernel-wounding technique1 was one of the methods employed 
in the initial trials. and contributed cowards the separation of pania!ly resistant from 
suscepttble lines. 11 ~ Several other ·Corn inbreds. demonstrating panial restscance to 
af!::itoxin contamina1ion in Jllinois field trials (employing a modified pinbar tech· 
nique/. aJso were discovered. 11 ~ Another source of panially reststant gennplasm is 
the corn-breeding population GT· MAS :gk. which was derived from visibly classified 
segregating kernels obtained from a single fungus-infected hybrid ear. 115 lt tested 
reststant in trials conducted over a 5-year period. where a kernel knife inoculation 
1echnique was employed. These discoveries of panially resistant germplasm may 
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have been facilitated by the use of inoculation techniques capable of repea1edly 
providing high infection/aftatoxin levels for genotype separation 10 occur. These 
corn Jines do not generally possess commercially acceptable agronomic traits: how­
ever. they may be sources of resistance genes and. as such. provide a basis for the 
rapid development of host resis1ance strategies to eliminate aftatoxin contamination. 

b. Peanuts 

Several sources of resis1an1 peanut gennp1asm have also been iden1itied from a core 
collection represen1ing 1he en1ire peanut germplasm collecuon. 110 Over 95</r of 1his 
core has been preliminarily screened in a single environment: 16 geno1ypeS tested 
over 3 years in 1wo environmen1s still display low levels of aftatoxins. A possible 
link betv•een low linoleic acid con1ent in peanu1s and Jo,v preharves1 afta1oxin 
produc1ion .has been indicJ1ed. 110 Significant correlations have also been observed 
between leaf 1emper:11ure and afta1oxin levels and/or visual s1ress ra1ing:s and afia-
1oxin levels. The preliminary screening: of peanut geno1ypes using ei1her or both of 
1hese trails could g:rea1Jy reduce expenses involved in developing: resis1an1 cultivars. 
The promising germplasm. however. has Jess than acceptable agronomic character­
istics and is being hybridized with those with commercially accep1able features. 
Resis1ant lines are alscfbeing crossed to pool resistances to aftatoxin prciduction. To e 
da1e. some success has been achieved in identifying resistant peanut gennplasm. 
and field studies are being conducted by various researchers to verify 1his trait. 
Me1hods to improve screening of peanu1s for resistance to A. fiavus have been 
developed. A system of evaluating peanuts in the field through the manipulation of 
drough1 stress was successfully iested. 116 Also. an i11 vitro seed culture system 
demons1ra1ing water stress responses in peanuts. similar to field responses. and 
varia1ions in peanu1 phytoalexins and aftatoxin levels appears po1en1ially usefu1. 1 n. 11 ~ 

c. Tree Nuts 

Among tree nuts. sirategies for controlling preharvest afialoxin formation by breed­
ing for host resistance have been mostly studied in almonds and walnu1s. 118- 1 ~0 The 
approach employed in 1his effon is to integrate multiple gene1ic mechanisms for 
con1rol of Aspergillus spp. as well as Navel orange\vonn f Pararr1yelois rransirella 
WalkJ. which appears imponant for initial fungal infection. Resistance 10 fungal 
coloniza1ion by incorpora1ing seed coat resistance to infection is being pursued: 
howe\'er. geno1ypes demons1ra1ing inhibition to fungal infection in seed tissues have 
been inconsistent over different environments. 11 ~ Studies have also been conducted 
v.·ith figs and pistachios 10 identify the mode of infection of these crops by A. fiavus. 
Once this parame1er is clearly understood. strategies could be developed 10 identify 
germplasm with agronomically desirable characteristics and resis1ance 10 fungal 
infection. 1 ~0• 1 ~ 1 

Generally speaking. crop varieties showing: reduced levels of afia1oxin contam­
ination have been produced by plan1 breeding: however. unaccep1able levels of toxin 
still resulted when the plants· were exposed to severe environmental pressures. 
Hindrances 10 resistance screening. discussed above. cenainly played key roles in 
this Jack of success. 11 ~ Screening for resistance can produce useful results. but 
specific resistance traits or markers rnllst be measured before appropriate breeding 

• 
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arid selection techniques can be properly expl9ited. 1:: Plating kernels or seed to 
determine the frequency of fungal infection or·examining com kernels for emission 
of a bright greenish-yellov.· fluorescence !BGYF> are methods that have been used 
for assessing A . .fl.avus infection. 10~ While these methods can indicate the· presence 
of A. ffavus in seed. neither can prov.ide accurate quantitative or tissue-localization 
data useful for effective resistance breeding. Several other pro1ocols have been 
developed and used for separation and relatively accurate quantitation of afiatox­
ins.1:.i.1~~ but fungal growth quantitation has not been possible until recently. v.·ith 
the geneticaJly engineered fungi containing a reponer gene as a grov.·th indicator. 

2. Novel Screening Methods To Better 

Assess Fungal Infection and Growth 

. ..\ laboratory kernel screening assay <KSAI has been developed and used to study 
resistance to aflatoxin production in GT-MAS:gk corn kernels. 11~ KSA is an inex­
pensive humidity chamber technique in which kernels are screened at JOO'lc humidity 
and 3 l °C. conditions that favor A. jla\•us growth and aflatox.in production.~' Data 
from KSA experiments can be obtained 2 weeks after experiments are initiated . 
KSA experiments have confirmed GT-MAS:gk resistance to aflatoxin _production 
and have demonstrated that the resistance is maintained even when the pericarp 
barrier. in otherwise viable kernels, is breached by wounding. 1 ~5 The wounding 
experiment facilitates both differentiation between different resistance mechanisms 
and comparison with other traits {e.g .. fungal growth. protein induction I. Apparently. 
there are two levels of resistance: one at the pericarp and another at the subpericarp 
level. KSA studies have demonstrated that the pericarp wax composition influences 
the kernel resistance phenotype 103.u;..i.i~b and that there are quantitative and qualitative 
differences in pericarp wax between GT-MAS:gk and susceptible genotypes. 1 ~7 

Kernel screening assays have also confinned sources of resistance among inbreds 
tested in Illinois tield trials.·; 11 ~ When selected resistant Illinois inbreds (Ml82, Cl2. 
and Tl 15! were examined by the modified KSA. which included anA .. jla1·us-GUS 
iransiormant ta strain genetically engineered with a gene construct consisting of a 
!3-glucuronidase reponer gene linked to an A. jlavus B-tubulin gene promoter for 
monitoring fungal growth). a positive relationship between the degree of fungal 
infection and aflatoxin levels was established. 7 ;.1~s.i~ 9 Moreover. kernel resistance to 
fungal infection in nonwounded and wounded kernels was clearly demonstrated 
visually and quantitatively. 1 ~9 Thus, it is now possible to accurately assess fungal 
int'ection le\'els and to determine if a correlation exists between infection and afta­
toxtn levels in the same kernels. A. jia1·us GUS transfonnants with the reponer gene 
linked to an aflatoxin biosynthetic pathway gene could also provide a quick and 
economical \vay to indirectly measure aftatoxin le\'els. 1 ~9 .no 

The kernel screening assay has several advantages to complement traditional 
breeding techniques: 11 ~- 1 ~-1 l ll it can be performed and repeated several times 
throughoui the year and outside of the growing season: (:?:)it requires few kernels: 
131 it c::in detect/identify different kernel resistance mechanisms: (4) it can dispute 
or confirm field evaluations (e.g .. id.entify escapes/: and (5) it can correlate findings 
ar:d inoculations in the field. Field trials are irreplaceable for confirmation of 

- -- --------------------------------
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A. ffa\·11s: (:!! gene promoters also must be selected that will allov.' appropriate 
expression of antifungal genes. at a desired time. in the candidate crop: and (3) 

genetic transfonnation needs to ~e adapted to each spec{ric crop. 14
: Resistance to A. 

fia1,us infection in plants could consis1 of an interaction of muhiple components and 
biochemical changes that are either preformed or induced upon past invasion. Stirn· 
ulation by elicitors may result in changes in gene expression and induction of 
pathogenicity-related tPRJ proteins. 14 ·1- 14 ~ Multiple genes governing: constitutive and 
inducible metabolic factors/mechanisms may exist and be expressed optimally a1 
differenl stages of seed/kernel maluration. Development ol optimal hos1-plant resis· 
tance through genetic engineering will require a sound understanding ol the multiple 
factors that endow a plant with resistance to fungal auack. 

B. CANDIDATE ANT/FUNGAL COMPOUNDS 

Jdenttfy{ng resistance 1e.g .. in comt makes it possible to correlate resis1ance with 
many endogenous small molecular \\'eight compounds and biomacromolecules in 
kernel tissues already implica1ed as antifungal at various stages of kernel develop· 
ment in grain crops. 14t-i~: However. compounds w:ith activity against other fungal 
species are ineffective against A. jlavus. thus it is imponanl to select the best e 
candidate genes for these inhibitory compounds before plant genetic engineering 
procedures are initiated. A list of candidate antifungal compounds includes RIPs. 
Jectins. relatively small molecular weight polypeptides. cell-surface gl_Ycoproteins. 
hydrolases. and cenain basic proteins. 153 For example. the l 4-kDa trypsin inhibitor. 1 )~ 
shown to be correlated with kernel resistance to A. jla\·us infection of com. when 
expressed in transgenic tobacco greatly enhances resistance to the tobacco pathogen. 
Collezotrichum destruczivum J see details below). 1 ~4 - 1 ~~ A putative peptide also has 
been panially purified from aqueous kernel exiracts of resistant inbred. Tex6. which 
demonstrated antifungal ac\ivity against A. fiavus. 1 ~b The com kernel pathogenesis· 
related (PR I proteins appear to have a function dunng the normal process of seed 
germination: 1,j.1·

147·14A.isu however. they are· induced to accumulate in response to 
fungal infection. and their expression is tissue-specific. 1.:..i.i5; A funher inves1igation 
of the kernel PR proteins using resistant and susceptible genoiypes to examine 
specific tissue expressidn of these proteins under varying kernel physiology may • 
facilitate the isolation of factors responsible for subperica.rp resistance. 

A number of potentially useful antifungal enzymes/proteins are produced either 
constitu\ively or in response to fungal attack in plants. These include chhinases and 
13· l.3-glucanases. 1 ~:.i;s- 1 w osmotins. lbl protease inhibi1ors. io; and polygalacturonase 
inhibitor proteins <PGIPsJ. lbJ In addition. small molecular weight peptides have been 
isolated from organisms other than plants that ~!so shov.-· promise as an1ifunga1 agents 
- for example. the cecropins 1o.i and magainins 1b 5 of insecl and amphibian origins. 
respectively. and their synthetic analogs. 160 · 16 ~ 

Several recent studies have suggested the po1ential of manipulating/inducing the 
"lipoxygenase ( LOXJ path\vay in plants to ward off fungal auack. it» .4..fiavus exhibits 
strong ltpolytic activity during infection on oilseeds 1"" and at times causes substantial 
deterioration of the crop seeds and o{Is it has conlaminated. Lipase activity origi· 
nating from fungal degradation of host-plant membrane tissues releases fauy acids 
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resistance: however. the KSA may eliminate many preliminary tie!d screenings and 
facilitate an in-depth investigation of kernel responses to fungal infection and 
afiatoxin production. 

Using these new technologies. the fungus can now be ··tracked" during its 
invasion process in various kemeVseed companments. Studies emp_ioying KSA.7

; 

as V.'ell as olher techniques. 1-1 1 have demonstrated that kernel embr;.·os are colonized 
before endosperm tissue is invaded by aflatoxin-producing fungi. Embryo viability 
has also been shown to be necessary for the expression of kernel resistance. 1=j It is 
possible tha1 resistance. especially subpericarp. is a function of the kernel's abili1y 
10 limit fungal colonization to a small area after wounding. Limiting fungal ingress 
may help prevent fungal spread through the kernel and interruption o~ whole-kernel 
expression of embryo-based resistance mechanisms. thus denying easy access of lhe 
fungus to a substrate most conducive 10 aflatoxin production. 1 ~~. 1 ~~ The high levels 
of aflatoxiiis detected in susceptible kernels have often been considered lhe primary 
result of fungal metabolic activity on an embryonic subsrrate: however. there is 
evidence that these high levels of aflatoxin production may result from later fungal 
activity in the endosperm. 1 l~ 

The reponer gene constructs, when placed under the control of specific aflatoxin 
pathway gene promoter. can be utilized to identify environmental and nutritional 
signal~ irt the plants and lheir sites of synthesis in specific plant tissues. ·which in 
tum are imponant in governing the degree of aflatoxin production. Funher· experi­
ments can now be conducted to; (I) elucidate how environmental factors (fungal 
growth substrates. host planLS. etc.) influence genetic regulation of aflatoxin biosyn­
lhesis: (2) utilize reponer gene assays to assess the influence of plant biochemicals 
on aflatoxin gene expression during the h9s1 plant A .. ffavus interaction: and (3) 
determine lhe effect of selected plant volatiles derived from lhe plant lipoxygenase 
pathway on fungal development. reproduction. and sporulation. processes critical to 
fungal survival and sharing genetic connection with the aflatoxin biosynthetic pro­
cess. 

3. Identification of Resistance Markers and Their 

Functions in Crops Vulnerable tO Aflatoxin 

A great preponderance of resistance "'markers .. poten1ially of value in plant breeding 
for resistance to lhe aflatoxin contamination process have been discovered in com. 
In olher crops. resistance markers lhat can be utilized in breeding 10 select for 
resistant progeny have proven more difficult to identify. The possible link between 
Jov.· linoleic acid content in peanuts and low preharvest afiatoxin production was 
suggested. bu1 after funher analysis the nature of lhis relationship has proven to be 
elusive. Progress has been made jn identifying chromosome regions in corn associ­
ated v.·ilh resistance to A. fiavus infections and inhibition of aflatoxin production in 
com using RFLP analysis in lhree resistant Jines (ROOI. LB31. and Tex6), after 
mapping populations "".ere developed using B73 andlor Mo17 elite inbreds. 1ll.ll4 {n 
some cases, chromosomal regions were associated with resistance to Aspergi//us ear 
rot bur not wilh ailatoxin inhibition. and vice versa. whereas other chromosomal 
regions were found to be associated wilh bolh traits. This suggests lhat lhese 1wo 

• 

• 
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traits may be at least partially under separate genetic control. Also. it was observed 
that varia1ion can exist iO the chromosomal region!i associated with Aspergillus ear' 
rot and afta1oxin inhibi1ion in different mapping popula1ions. suggesting Ihe presence 
of different resistance genes in differen1 resistant germplasm. RFLP "ma)· provide 
1he basis for employing a successful straiegy of pyramiding differen1 1ypes of 
resistances into commercially viable germplasm. while avoiding the in1roduc1ion ot 
undesirable traits. However. there is a r~al need to identify specific l!ai1s at lhe gene 
level associa1ed wilh the above RFLP markers and assign a specific biochemical or 
other func1ion to lhe trai1. This informa1ion is needed in order to make decisions on 
which l!ai1s 10 include 10 pyramid resistance through traditional plan1 breeding or 
1ransfer specific resistance traits into crops vulnerable to aflatoxin contamination by 
genetic engineering. 

S1udies demonstra1ing subpericarp (wounded"kemell resistance 1n com kernels 
have led to research with the aim of identifying subpericarp resis1ance mechanisms. 
When kernels of suscep1ible genorypes were allowed to imbibe wa1er a1 1009; 
humidi1y a1 31°C for 3 days prior to being subjected to the KSA pro1ocol, afta1oxin 
levels were drastically and significantly reduced compared 10 unimbibed con· 
trols. io3.io.i Kernel proteins induced during imbibition may have inhibi1ed growth 
and/or fungal elaboration of aflatoxins. Examinations of kernel proH;!ins of several 
geno1ypes revealed several differences between resistan1 and susceptible gene· 
types. 135 ln imbibed susceptible kernels. decreased aflatoxin levels were associated 
wi1h germination.induced synthesis of ribosome inactiva1ing protein (RIP) and 
zeama1in. 131> 801h zeamaiin and RIP have been demonstrated 10 inhibit A. fiavus 
grow1h in virro. 136 These studies implicate proteins as potentiaily involved in kernel 
resistance 10 A. fiavus infection and aflatoxin production. 

Two kernel proteins have been identified from resistant inbred Tex6 which may 
conuibu1e 10 resistance 10 aflatoxin production.1J7 The 28"k.Da pro1ein inhibi1s A. 
fia\·us growlh. while a lQQ.k.Da protein inhibits toxin formation \Vith Jiu le effect on 
fungal growlh. With the recent elucida1ion of aflatoxin biosynthetic palhway genes 
and enzymes and regulatory mechanisms (see earlier section on af!atoxin biosyn" 
lhesis). It& 1echnology could be developed with the potential for identifying seed/ker· 
nel resistance mechanisms that directly inhibit aflatoxin biosynlhe1ic activiiy. An 
·examina1ion of kernel pro1ein profiles of 13 com genorypes revealed that a 14·kDa 
Irypsin inhibi1or protein is present at relatively high concentrations in seven resistant 
geno1ypes. bu1 is presen1 only in low cqncentra1ions in six susceptible ones. 1t9 This 
proiein exhibits strong bioactivity against the growth of A. fiai•us. A. parasin'cus, 
and a morphologically diverse group of other fungi. 1 .'.!s.r~9.r-4ll.r.:i Thus. comparisons 
of kernel pro1ein profiles between susceptible and resistanI geno1ypes may shorten 
1he time i1 1akes to iden1ify resistance.associa1ed pro1eins 10 be used in marker. 
assisted breeding. 

4. Genetic Engineering Strate:gies 

Several prerequisites mus1 be me1 in order to employ genetic engineering as a means 
of developing host resistance against afiatoxin-contamination in crops; ( 1) resistance 
genes. native or foreign. should be identified that express inhlbi10ry activity against 
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from bound triglycerides and triggers the LOX-hydroperoxide lyase (HPLS J enz,Yme 
pathway. convening linoleic and linolenic acids into hexanal and .cis-3-hexenal. 
respectively. 170 Then. cis-3-hexenal is usually isomerized 10 tra11s-2.-hexenak both 
enzymatically and nonenzymatically. 17u Recently. it has been reported that specific 
LOX decay products. such as 135-hydroperoxy fatty acid.jasmonic acid. and C~-C 1 ,, 
alkenals and alkanals. may function as imponant signal molecules in host-pathogen 

1nterac1ions.:::.7h.i1:.i:i.1·: Jasmonic acid has also been shown to inhibit aflatoxin 
production and delay spore germination of A._fla\·11s. 1 ~·' The antifungal properties of 
small chain alkanals and alkenals (derived from the LOX pathway! produced by 
cotton leaves have be!!n demonsira1ed in solid and liquid cultures of aflato:o:igenic 
Asrergill11s spp. ·111-~~. 11 ~ Because of the mode of activation of these v.olatile al dehydes 
and because or the sign11ican1 an1ifungal activity they exhibit. these compounds 
could function as "gaseous phy1oalexins" in the cotton plant.'~ 

There are only a fe\v candidate genes whose expression products demonstrate 
convincing inhibitory activity against A . .fla1·11s and show promise for transf onnation 
o( plants to reduce infection of seed by this panicular fungal species. Included 
among these antifungal products are cenain small Jytic peptides. It is relatively easy 
to chemically synthesize genes encoding small peptides l using an oligonucleotide 
synthesizer! for transformation of plants. as only relatively small coding regions are 
required for their comple1e synthesis. Cecropins. for example. are lytiC .peptides of 
:!:! to :!3 amino acids in linear arrays that comprise antimicrobial systerris found in 
insects and pig intesiine. 1 (>.1· 17 ~ The broad antibacterial activities of cecropins are due 
10 the formation of large pores in the cell membrane. 17~· 177 They apparently do not 
lyse erythrocytes or other hfgher eucaryotic cells 17s but do inhibit growth of A.fiai•us 
mycelia. 17~ Rajasekaran et al. 1 ~~ reponed that a synthetic lytic peptide when trans­
formed into tobacco greatly enhances resistance to Callerarn"chum desrructivum. In 
addition to lytic peptide genes. a variety of other candidate anti fungal genes from 
bacterial. plant. and mammalian sources. have a good potential to be active against 
A. fia1•11s upon 1ransfonna1ion into plants. Genes encoding LOX are available from 
plant sources. 1Ro.is 1 The LOX products such as J>-hydroperoxylinoleic acid and its 
breakdown products/volatiles. Such as hexenal and he:o:anal. are antifungal and 
interfere with the aflatoxin path-.;.·ay. Genes encoding for haloperoxidases are also 
available for possible genetic engineering of plants for antifungal resistance. n 2.18·' 

In hioassays using."\ . . fla1·11s as 1he 1es1 organism. addition of a myeloperoxidase 
greatly enhanced r90-fold1 the lethality of H:O: tiy catalyzing its conversion to 
sodium hypochlorite. 1 ~~ . .\bacterial chloroperoxidase also greatly reduced lhe via­
bility of A . .ffa1·11s conidiospores. 1111 H:O: is induced in plants by wounding or injuring 
or' plan1 tissues. ::i process often associated with pest attack. thus the substrate for 
these unique peroxidases should be available.in the specific host-plant tissues under 
attack. iR~ 

(. GENE PROMOTERS 

Promoter elements that allow constitutive. -.;.·ound-inducible. or tissue-specific 
expression of antifungal genes in plants have been identiried. Characterized promoter 
elements lhat are useful in obtaining optimum expression of antifungal genes in 
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plants include the CaMV 3551s6 and ubiquitin 3 promoter elements (consticuciveJ, 18 ~ 

the ptocease inhibitor II promoter twound-inducible). 1KK and storage protein gene 
promoters (seed-specific express ton l. 189 Peanuts have successfully been transfonned 
wtth a wound-inducible promoter from soybean vegetative storage protein (rsp). 190 

When the \"Sp-promoter/GUS gene fusion is inserted into peanut. expression of the 
GUS gene follov>'S temporal and spatial patterns as would be predicted from soy­
bean.190 The £. coli 13-glucuronidase reporter gene has been used to assess tQe level 
of gene expression obtained under the control of some of the above promoters in 
uansformed couon. 1 ~=.1<J1 

0. TRANSFORMATION METHODS 

Ancifungal genes in suitable gene expression vectors have been used in che crans­
fonnation of plants by a varie1y of methods. The two mosc common methods include 
Agrobacterium-mediaced gene transfer 192.!9J and biolistic particle delivery or "gene 
gun" technology. 1 ~:.1)~.167.1'11.1.;~ After gene transfer. transfonned tissues are identified 
by growth on selective medium. and whole plants are regenerated from the selected. 
crans_fonned cells. Cotton transfonnation has been accornplished using the Agrobac· 
rerium-based system and cotton hypococyl sections. although the subsequent regen· • 
eration procedure in this system is not necessarily straightforward and c~n be lengthy. 
Cotton regeneration from transformed hypocotyl tissue involves the development of 
transformed embryogenic cell lines. embryoid fonnation. dissection. desiccation of 

. embryos. and subsequent germination of the embryos. 1 "~- 1 ~b Coker cultivars 201 and 
312 of cotton have been transformed with Agrobacterium-mediated systems and 
regenerated. 197 · 19~ Transformation of other commercially imponant canon varieties 
has proven difficult due to the inabiHcy co generate embryogenic cell Jines: however. 
Agrobacrerium·mediaced transfonnation has been successfully employed on elite 
Acala _and Coker cultivars .. 1 .. ~ Problems. nevertheles~. remain regarding the efficiency 
of this method of transfonnation and its adaptability to a v.·ide range of germplasm. 
To circumvent the problem of cultivar-dependent ·regeneration. investigators have 
used the biolistic.approach to transform cotton. 1 ~:.i 9 i.ioo.io 1 Peanut is also currently 
being transformed wich antifungal genes by microprojectile bombardment of 
embryogenic tissues.2°2 Walnut has been successfully transformed with barley lectin 
and nettle lectin anti fungal genes. ~O.l The somatic embryo is the targeted tissue in e 
v.·alnut. and a new technique for cryopreservation of v...·alnut somatic embryos is 
being used for long-cerm storage of embryo lines to prevent somaclonal variation 
and loss of Jines co contam.ination.:0~ 

VIII. CONCLUSION 

Several approaches are being explored and developed using nev• methods in bio­
technology to elirrtinate pre-harvest aftatoxin contamination of food and feed. These 
approaches have resuJced from recently acquired infonnation about: ( l l che ecology 
and epidemiology of aflacoxin-producing fungi. 12) molecular mechanisms govern· 
ing aflatoxtn biosynthesis. and (3) plant-derived metabolites that inhibit aftatoxin 
biosynthesis. Experience in our laboratory suggests a combined approach utilizing 
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both host defense augmentation and biological control will be necessary to comple­
fnent existing conventional methods in the eventual elimination of aftatoxin from 

the food and feed supply. 
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Formation of Sclerotia and Aflatoxins in Developing Cotton Bolls Infected 
by the S Strain of Aspergillus flavus and Potential for Biocontrol 

with an Atoxigenic Strain 

R. K. Garber and P. J. Colly 

Sou1hcm Regional Research Ccnlcr. Africulmral Research Service. U.S. Dcpanmenl of Agricuhurc. P.O. Box 19687. New Orleans. L.>\ 70179. 
Acccp1cd for publica1ion l2 May !997. · 

ABSTRACT 

Garber. R. K .. and Colly. P. J_ 1997. Formal ion of sclerolia and oflatoxins 
in developing co11on bolls infoc1cd by 1hc S slrain of Aspergilfnr j/11v11r 
and polen1ial for biocon1rol wilh an a1oxigcn1c s1rnin. Phy1opa1hology 
87:940-945. 

A1pergi/J11s j/a'1rs ,·an Ix: divided in10 1hc S and L sirnins on 1he basis 
of sclero1ial morphology. On average, S s1rain isola1es produce grea1er 
quan1i1ics of afla1oxins lhan do L ssrain isolates. Sclerotia of lhe S strain 
were observed in commercial seed co11on from wcSlern Arizona. Green­
house ICSIS were performed lo belier define sclerolial formal ion in devel­
oping bolls. Eighl S Sirnio isolales were inoculaled in10 developing bolls 
vin simula1cd pink boliworm cxil holes. All oighl isolales formod sclc­
rolia on locule suifoces, and seven of cighl isolales produced sclero1ia 
ivilhin developing seed. Boll age a1 inocul.iion innucnccs forma1ion of 
sclcrotia. lvlore sclerolia formed wi1hin bolls 1ha1 were less lhan 31 days 

Allatoxins are a group of toxic, carcinogenic fungal metabolites 
produced by certain isolates of Aspergif/11s jlavns Link:Fr., A. 
parasiric11s Speare, and A. 11on1ius Kunzman el al. (23). Regula-
1ory limitations on the quanlily of allmoxins permiued in foods 
and feeds exist throughou1 most of the world (26). The mos1 1oxic 
and highly regulated allaloxin is Bi. which is produced by all 
1hree aOatoxin-producing species (20,26). Allatoxin contamina­
tion has long been a concern for the United S1ates collonseed in­
dustry (20), because alla1oxins in eontamina1cd seed can be read­
ily transferred 10 milk or dairy cows in slightly modified form (l9, 
22). Collonseed is a preferred feed for dairy cows, and Uni1ed Slates 
regulations prohibit aOatoxin concentrations over 0.5 µglkg in milk 

· (15). A. jlavus is the primary causal agent of al1atoxin conlamina-
1ion of collonseed. In the United Stales, a11atoxin contarnina1ion of 
collonseed is most severe in western Arizona, where contamina­
tion is frequernly associated with A. jlav11s infec1ion of developing 
boll~ through pink bollwqrm exit holes ((2). Greenhouse tech­
niques 10 study A. jlavus infection through simulated pink boll­
worm exit holes have been developed (5). 

On the basis of physiological. morphological. and genetic cri1c­
ria, A. Jlav1rs can be divided in10 1wo s1rains, S and L (2.4). Iso­
laies of the S strain produce numerous small sclerolia {<400 µrn in 
diameter) and fewer conidia than L strain isolates. Strain S isola1cs 
produce, on average, more aOatoxin than L strain isolates both in 
culture and within developing collonseed (4). Many L strain iso­
.lates produce lillle or no allatoxins (4, 13). ln Arizona, where alla-
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old al inoculalion lhan in bolls uldtr lhan 30 days al inoculalion. Frc­
quenl forma1ion of sclcrolia during bull inftciion may bo1l1 favor S s1rnin 
success wi1hin co11on fields and increase 1uxicll)' of .-L jl11r1u-infoc1cd 
collonsced. Amx)gcnic A. flnv11i L suai11 isolale AF36 reduced forma1ion 
of bolh sclcro1ia and allnloxin when coimx:ula1ed '1'ilh S s1rain isoblcs. 
AF36 formed no sclero1ia in developing bolls and wo. more cffe"i"' a1 
prcvcnling S s1rnin isola1es 1han L slrarn isola1cs from con1amina1ing dc­
\•eloping couonsce\\ wi1h a!1atoxins. The use of a1oxi~cnic L slrain iso­
lalcs 10 prevonl vonrnmina1ion lhrough ,·on1pc1i1ivc e.~clusion may be 
parlicularly offcc1i•·c where S slrain isola1e• arc common. In addilion 10 
a!1a1oxin reduclion. compe1i1iv• exclusion of S .>1rain isolalcs by L s1rain 
isola1es may rcsull in reduced' overwinlerini; by S s1rain isolalcs nnd 
lower 1oxici1y rcsulling from sclcro1ial mcrnbolilcs. 

Addi1innnl k•yw11rds: biocompc1ition. myco1oxins. 

toxin contamination of couonsced is severe. the S strain is of1cn 
dominant (9,18). Although several charac1eris1ics of the S strain 
sugges1 soil adaptation {l I). lillle data on llle divergent ecologies 
of the S and L strains are availoble. Mulliplc A. jla1·us strains arc 
known 10 frequently infect individual locules and seed(!), bu1 in-
1emctions between S strain and L strain isolates during seed in­
fection have not been described. 

High concenlrations of ulla1oxins may occur in botb conidiu and 
sclero1ia of A. jlav1rs (28). and certain 1oxici1ics associated with A. 
jlavns con1arnination have been altributed lo combined ac1ivities 
of ana1oxins and other metabolites present in sclerotia (14.28,29). 
Over 1he past 7 ycar:s, we have occasionally observed sclcrotia of 
the S slmin of A. jlov1u on surfaces of "light locks" {conon locules 
that do no1 open fully) in commercial Collon in wesiem Ariiona. 
The S strain or A, f/nv11s is widely distributed among cotton-pro· 
ducing regions (9). Ye1. formation of sclero1ia by A. jlo1·1rs wi1hin 
developing crops has been infrequcrnly described {!6.24,30), and 
formation on eollon boll locule surfaces has nol hec11 described. 

Certain L strain isolates effectively reduce a!la1oxin B, levels in 
cottonseed when coinocula1ed with allatoxin-producing isola1es (6). 
These a1oxigcnic strains reduce con1arninalion by compeli1ively ex­
cluding allaloxin-producing i.~lates during crop infection (10). 
Atoxigenie s1rains arc being developed as biological con1rol agents 
directed at preventing anatoxin con1arnination (7,8). However. the 
efficacy of atoxigenic L strain isolates in limiting ana1oxin con-
1aminalion of co11onsecd caused by S s1rain isola1es has not been 
detailed. Furthermore. il is unknown if a1oxigcnic L s1rain isolaies 
can interfere with sclero1ial formation by S strain isolates and, in 
so doing, further reduce seed 1oxici1y by also lowering 1he inci· 
dence of toxins of sclerotial origin. 

Boll age al inoculation inlluences aOatoxin formation in devel· 
oping couonseed (S) and may similarly affect the ability oI A. 
jlav1is S strain isolates to colonize couon locules and produce scle-
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rotia wi1hin colonized plant tissue. Such innucnces may dictate 
1he rela1ive imponancc of S strain sclcrolia lo the epidemiology of 
anatoxin coniamination in the lield. 

The current study describes. for the first time, sclerotial fornia-
1ion bv ·s s1rain isola1cs on loculc surfaces and within developing 
collon.sced. Efficacy of an a1oxigcnic L strain isolate in limiting 
bo1h ana1oxin and sclerotial fonnation by S strain isolates during 
coinfcclion of co11rn1 bolls is also described. 

1\1ATERIALS AND METHODS 

Mcdfa and cultures. A. jla1•1cs S str:iin isola1cs from agricullurnl 
soils collec1ed in Arizona (AFl2. AF65, 02-9, MR3-15, MRS-23, 
PM3, YVl-1, and YVS-12). Alabama (AL3-39), Louisiana (LA2-5). 
and Mississippi (STV4-28) were used. L strain isolates (02-18, 
PM!!, \VHT-3. and YVI) used in the anatoxin production study 
were isolated from agricuhural soils collcc1ed in Arizona. Jsolalc 
AF36 was isola1ed from couonseed collcc1cd from the Yuma Val-
ley of Arizona (4), Cultures were maintained in 1he dark al 31°C 
on a medium containing 5% V-8 juice and 2% agar (4). For long-
1enn storage, plugs (3 mm in diameter) of sporulaling cultures were 
placed in 12-ml vials containing 5 ml ofdistillcd.wa1cr and refri-
gcra1cd at 8°C (5). l11oculum was prepared by suspending conidia 
from 7- 10 10-day-old cultures in dis1illed deionized waler. 

Infection of cotton bolls and developing cottonseed. Plants of 
Gossypiwn /iir.s1rllrl!l. L. (Deltapinc 90) were grown in a greenhouse 
in 3-liicr puls ~omaining a 1:1:1 mixture of Pro-mix (Premier 
Brands, Inc., New Rocl1clle, NY), coarse sand. and clay loam top-
soil. Temperature ranged from 28 to 36°C. and supplement.al light-
ing (400-W General Electric Lucalux bulbs~ GTE Corp •• Stamford. 
CT) wa.<i applied for 3 It (6 p.m 10 9 p.m.) daily. After 21 days. each 
plan! was fenilized we~kly with approximately 500 ml of nulrienl 
solution containing 4 ml/li1cr of Peter's fertilizer (20-20-20. N-P-K: 
W.R. Grace & Co., Allemown. PA). One application of Peter's Sol-
uble Trace Element 1\1ix (W. R:Gracc & Co.) was administered im-
mediately a.f1cr planting. Plants were sacrificed 45 days a Iler planting. 

Developing cotton holls were inoculated through simulated exit 
holes of the pink bollworni as previously described (5). Flowers 
were 1agged and dated al opening. In all experiments. bolls were 
wounded (I to 2 mn1 deep) in a single locule wi1h a cork horcr (3 
mm in diamc1cr) and inocula1ed by placing a 10-µI aliquot of 
conidial suspension (about 2.000 conidia) in lhc wound. For coino-
cula1ion experiments. conidial suspensions ( 10 µI. -2,000 conidia) 
of each isolate were applied lo lhe same wound. 

To assess influences of A. flaPus AF36 on sclcrotial fornialion 
by S strain isolates. bolls 25 lo 30 days old were inoculated wilh 
cilbcr an S s1rain isola1c alone orbo1h an S strain isolate and AF36, 
simullaneously. ln each lest. four S s1rain isolates were tested. 
Trealments were replicated four limes and arranged in randomized 
complete blocks. Replicates ~onsistcd of individual plams bearing 
one or two bolls. 

Two· separate greenhouse experiments were conducted lo dc-
terniine if the in l'ivo innucncc of A. flav11s AF36 on ana1oxin 
production by S strain isolates was similar 10 lhe innucnce of AF36 
on ana1oxin production by L strain isola1cs (6.10). In each experi-
ment, the influenee·of AF36 on aflatoxin contamination of devc-
lopi.ng cotton bolls by lwo S strain and 1wo L strain isola1cs was 
evaluated. Comparisons were made between bolls (27 lo 32 days 
old) inocula1cd with only an afla1oxin-producing isolate and bolls 
inoculated with AF36 immediately after the ana1oxin-producing 
isola1e. Treatments were replicated four to five limes, and plants 
were arranged on greenhouse benches in randomized complc1c 
hlocks (one plam per replicate per lrealmenl). 

To assess 1he innuencc of boll age at inoculation on sclcrotial 
forniaiion by S strain isolates on cotton loculc surfaces and in de-
veloping couonseed. collon bolls at various stages of development 
(16 lo 34 days aller nowering) were inoculated. In each of lwo 
1es1s. all bolls (two 10 five per plant) on four plants were inocu-

laled with one of four S strain isolates. Value5 rrom :111 plum~ inu-
cula1ed with the same isolaic were a"cragcd 10 rurm a rcplica1'' 
value. Each or the lwo tests had rour rcplica1cs flOur isulales). a11d 
different isola1es were use<I in each 1cs1. In a third expcrimcm. bolls 
of l'arying age (16 lo 34 days old} on 20 plan!> were i1111c11la1cd 
wilh a single S strain isolate fLA2·5}. 
~1easuremcnt of sdcrolla and anatoxin B, in boll tissues. 

Bolls were harvested in all experiments 17 days aflcr inoculation 
and dried in a forced-air ol'en at 6U°C.' for 7:!. 11. Arter drying. 
wound-inoculated locules were separated frorp adjacent uninocu-
la1ed Joculcs and stored at room temperature (21 10 28°() in 
sealed 20-ml plastic vials uniil analyzed. Aller weighing. wound-
inoculated lucules were evalu~ted for llie presence uf sdcro1ia un 
loculc surfaces using the following ruling sy.11cm: 0 =no sclcrolia: 
I = I lo 25 sclerotia: 2 = 26 lo 50 sclero1ia: 3 = 51 lO I 00 sclcro1ia: 
4 = I OJ to 250 sclcrotia; 5 "'251 to 500 sclcrotia: 6 = 50 I to 1.000 
selcrolia: and 7=>1.000 sclcro1ia prescnl. Seeds were then scpa· 
raled from lint by hand and hall'ed longitudinally with a razor 
blade. The percentage of seed per loculc wilh sclero1ia. conid-
iophores, or both was determined wilh a dissecting micro· 
scope (30X magnifica1io11). The number ofsdcro1ia per :;eed was 
also recorded. 

Aflatoxin B 1 concentrations in ino~ulated loculcs were deter-
mined a.1 previously described (6). Briclly. in1ac1 lo~ulcs were pul-
l'erizcd and extrac1ed wilh an 85% aqueous acc1011c so!u1ion. Ex-
tracts were purified. partitioned againsl mclltylcnc chloride. and 
conceniralcd. Concentrates and anaioxiri standards were separated 
on lltin-layer chroma1ography plates (silica gel 60. 250 µm) by de--
vclopment wi1h dic1hyl c1hcr-mc1hanol-wa1cr (96:3: I). Ex1racls were 
ei1her concen1ra1ed or diluted 10 permit accurate densitometry, and 
anaioxin B1 was quantified with a scanning densitometer (model 
cs-390; Shimadzu Scienlilic lns1rumen~s. Inc .. Tokyo) (21 ). 

Statistical analyses. Ana.lyscs were pcrfonncd wi1h lhc S1a1is-
lical Analysis Sys1cm (SAS lns1i1u1c. Inc .. Cary. NC) and Sia1istica 
(S1atSoll. Inc .. Tulsa. OK). For comparisons am9ng isolates and 
between bolls inoeula1ed by an S strain isolate alone and those co-
inoculated with both an S strain isolate and an L s1rain fsolatc. 
plants .(one to 1wo bolls each wilh a single inoculated loculc per 
holi) serl'Cd as replicates. Prior 10 statistical analyses. all pcrccm 
values were 1ransfornicd 10 1he arcsin or lhc squarc roo1 of lhc per-
cent as recommended by Sokal and Rohlf (25). Values for number 
of sclcrotia per seed and anmoxin B 1 conccn1ra1ion were square 
rool·transfonncd and log-transforn1cd. respectively. i1t order to ho-
mogenize the l'ariance among lrealmcnts. Analysis of variance wa.1 
perfornied on all mulliplc comparisons prior lo mean separation 
1es1s. When significan1 di!Tcrcnccs were dc1celed, mean values were 
separ:iled using Fisher's leas! significan1 difference test. Pearson 
produc1-momcn1 correlations were calculated ror lhe innuence or 
boll age al inoculation on sclerolial fonna1ion within seed and off 
locule surfaces. Values for individual inoculated locules were used 
for these calculations. For comparisons between bolls greater than 
30 days old and bolls less than 31 days old al inoculation. data from 
lcsls I and 2 were subjcc1cd lo analysis of variance. in which all 
loculcs inoculated with a purticular isola1e consli1u1ed a replicate. 
For 1cs1 3, individual loculcs inoeula1ed wilh LA2-5 served as re· 
plica1cs in lhe inalysis of variance. 

RESULTS 

Fnrmation of~clcrotia In devcluping locules. All S strain iso· 
lales produced sclcrotia on locule surfaces when inoculated irno 
25- 10 30-day·old bolls via simulalcd pink bollwonn cxil holes 
(Fig. I, Table I). Sclcrotia fanned in dusters on inoculated loculc 
surfaces. closely resembling !hose observed on light locules collect-
ed from 1hc commercial crop in wcstem Arizona (Fig. I). The mor· 
phologies and sizes of sclerolia were 1ypical for the S strain. Most 
isolates produced relatil'cly high numbers of sclero1ia on loculc sur-
faces. averaging over 100 sclerolia per loculc. One isolate. STV4-28, 
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produced significantly (P "' 0.05) fewer sclerotia, averaging less 
than 26 per locule. AF36 produced no sclerotia on either locule sur­
faces or in developing seed m either test. However, coltonseed 
)"onncd within locu!es inocufated with AF36 frequently contained 
conidia between !lie seed coat and co1yledon (Table 1 ). 

Secen of eight S strain isolates produced sclcrotia within devel­
oping seed (Figs. 2 and 3. Table 2). Sclerotia initially fonned be· 
tween lhc seed coal and the developing cotyledons (Fig. 2) and, in 
certain seed, progressed to replace rnos! of the co1yledons (Fig. 3). 

fig.!. Locules inocula1cd wi1h llspergill1osjluv"s S s!r.lin isolale LA2-5 :>lone 
{righ1) Md in eombinoiion will\ A jlo>·n.< irolnle AF36 (left). Sckro1ia only 
formed on le><;uks inocula1ed wi1b :i.n S sll':lin isola1c. Far fcwcr sclcroiia formed 
on loeu!cs inocu!a1ed ivi1n t>o1h AF36 and an S sirain isola1e. Bar n:presenrs 3 
mm. 

TABLE !. Influence of coinoculolion wi1h Asp~rgil/us fla11is Af36 on dry 
V:·cigh1s o( eo11on loeu!es inocula1cd wi1h S s1rain isola1cs and on fonna1ion 
ofbolh ~onidia within developing seed and sderolia on !ocuk surfaces 

Locule dry weighl Selero1ia1i Seed wilh conidia 
lso!o1e (mg) r:uing (%) 

Tel;I ! 
AF·36 671.30 b 0.Uc' 57 a• 
AL3·39 (s1rain S) 602.13 b 4.6a Ob 
AL3-39 + AF36 739.25 b !.6b "' MR3-!5 {str:iin SJ 719.25b 5.9" Ob 
MR3-15 +AF36 790.25 b 0.4 be 660 
LA 2-5 fslrain Sj" 632.50 b 5.5a Ob 
LA :l-5 + AF36 589 25 b !.5 b .,, 
YYS-12 {Slrain SJ 783.25 b 5.8 0 Ob 
YYS-!2 + AF36 699.25 b O.Oc '" Nol inoculoied 1.179.13 a O.Oc ND 

Tel;I 2 
AF36 709. !O be O.Od '" MR5·23 {strain SJ 733.13be 3.8 a Ob 
MRS.23 +AF36 775.33 be 2.0 b "' P/.13(strainS) 593.56 e 3.4a Ob 
PM 3 + AF36 575.33 c 1,5 be 46 a 
STY4-28 {sirain S) 747.75 be 1..5 be Ob 
STV4-28 + AF36 645.0S be 0.4 cd 30" 
YY!-1 (slrnin S) 580.58 e 4.3a Ob 
YY!·I +AFJ6 g10.58b 0.5ed .51 " 
Nol inoculoied !.077.38" O.Od ND 

,. The nu1nbct or sck:ro1ia pre rem on 1he surfoce of ino~ulo1ed 10<:ules war 
ra1cd as rollows: 0 : no sclero1ia: I = ! 10 25 sclero1io: 2 "26 10 50 sck­
rolia; 3: 51 lO !00 sc!erolia: 4" IOI 10 250 sdcrolia; 5" 25! 10 500 stle­
rolia; 6" 501 lo !.000 sclcro1ia: and 7 : >!.000 sekro1ia. 

' Values arc means of lour n:plicoics {locuks). Mc:ins were eomp:ued using 
Fisher's pro1ec1cd lensl significon1 diffcron~c 1es1, and valuer wilhin lhc 
satnc eolumn followed by a common lc11er :ue nol significamly diffen:m {P 
"0.05). ND: nol dc1ec1ed. 

(M2 PHYTOPATHOL0<;3Y 

In both tests and for all isolates. sclcrotia were no1 produi;cd in 
most seed from inoculated locules (Table 2). However. in certain 

'seed, large numbers of sclcro1ia forntcd, resulting in al'crage> of 
over 25 sclcrotia per seed for nvc of !he eight S s1rai11 isolates 
(Fig. 3, Table 2). Isolates differed in ability to produi.:e sclerotia. 
within developing seed (Table 2). Isolate LA2-5 fonncd sclcro1ia 
within !he highest percentage of see~: isolate ST\14-28 fonncd no 
sclero1ia within seed. 

In each of the 1lircc tes1s in which bolls of varying age were in· 
oculatcd with S strain isolates. the num!Y.:r or sclcrotia fonncd on 
Jocu!c surface> decreased with increasing boll age (Pearson prod­
uct-moment correlations: r = -0.45 to -0.73. P < 0.001) (Fig. 4). 
A!Jhough the percentage of seed con1aining.S strain scJerotia also. 
apparenily decreased with boll age at inoculation. 1his trend was 
signincant for only tcs1 3 {Pearson produc1-n1ornen1 correla­
tions; r = -0.25, -0.39, and-0.4d: P = 0.20. 0.07. <0.001}. These 
trends were primarily a result of reduced production of ~clcrotio in 
bolls greater than 30 days old at inoculation (Table 3). 

ElTect or cninoculation with AF36. Coinor;:u!aiiun wi1h AF36 
significantly reduced 1hc number of sclero1ia fonncd on surface> 
of Jocules inoculated with S strain isolates (Table I). Similarly. co­
inoculation with AF36 frequently reduced both the percentage of 

• 
flg. 2. Forma1ion of sclcro1ia be1wecn a eoiykdon and 1hc seed eoo1. This 
in 1hc locoiion where sclerolia were mosl /rcquenlly observed. Bor rep· 
resenis !00 µm. 

Fig. 3. Cross se~li?n of a co11onsccd from a locuk inoculaled wi1h As~rgil· 
{us flao·us S s11orn "olo1e LA2-5. Mo•I of 1he endosperm is replaced by sck· 
ro1io. Bar represcn1s 100 µm. 

• 

.. 
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seed ~onlainmg sc!erotia and the number of sclerotia per seed (Table 
2). Seed produced in locules coinoculatcd with AF36 consistently 
contained Aspergi//11s conidiophores be1ween 1he cotyledons and 
seed coat; whereas seed produced bolh within uninoculated con­
trol locules and loculcs inoculated with an S strain isolate alone 
coniained no conidiophorcs (Table !). 

Isolate AF36 reduced {P <: 0.01) aflatoxin B1 production by the 
four tested S strain isolates over 99.94 when coinocu!ated imo 
de,,eJoping couon bolls (Table 4). However. AF36 only reduced 
anatoxin production by two of the four L str:iin isolntes tested. For 
those 1wo isolates. reductions of 88 to 96% were achieved. 

In hoth greenhouse tests, inoculation of developing conon lo­
cu!cs rcsuhed in reductions in locu!e dry wei,!!h! comp3red with 
noninoculated controls (Table !), The magnitude of dry weight 
loss in bolls inoculated wi1h AF36 did no! exceed losses in bolls 
inoculated by any of the S strain isolates. Coinocula!ion of bolls 

TABLE 2. lnlluence of coinoculo1ion wi1h ,1.,p~r11illlrs fin vu.< AF36 on sclc-
ro1ial fonnalion ~y A.f1"'·"·' S Slr~in isolo1es within d"vclupmg couon seed 

Seed 
Sc~d '~i1h sclcro1ia (%) evaluo1cd Sclc101ia per seed(#) 

lio!me '" !nocula1cd Coinoculalcd lnocula1cd Coinoculo1cd 

TcSI ( 
AL3-39 39. 36Y 29 oh' " 3.J.8 ab l.Oc 
MR3-IS 46. 38 13 be '" 6.3 be O.Oc 
LA2·S 34. ~9 ~s ~ l' 78.6 a 0.1 c 
Y\IS-12 29. 34 26 b 0' 33.1 ob 0.0\· 

Tc.I! 
h1RS-23 S6. 67 5:ib lb 25.0 ab 20.8 ob 
PM3 SS. S3 7 ab lb 32.3 a I.Ob 
STV4-28 56.62 Ob Ob O.Ob O.Ob 
Y\11-1 S.J. S6 26 a Ob 6.3 ob O.Ob 

1 111e firs1 volue is 1he nu1nbcr o/ seed e\'aluo1cd 1hal were inocula1ed ·with 
•he S siram "osolo1e alone !inocula1cd) ond 1hc second value is 1hc number of 
seeds cv.\!ua1cd 1ha1 were coinoculalcd wilh s1 r:iin AF36 (comocula1ed). 

' For each parnme1er. \'Olues w11hm u IC" followed by a coinmon le11cr ;tre 
nol si8nifoconlly diffcrcnl JP= O.OS) by Fisher's pro1ec1ed lcos1 si8nifocan1 
difference 1es1. L.c11ers apply •o ho1h comp:mson< wi1hin columns and com­
pansons be1wcen cnlumns. 
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~ • 6 
' •• r 

ro 80 ' 
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n :g • • • • • • 5 c 
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-~ • ., n • . •' • 3 ro -40 ' --0 • ' ~ m ' 2 s· • ., m <O 
Cf) • • • 20 

• • 1 

0 ·-· 0 
20 25 30 35 

Boll age (days) 
Fig. 4. Relo1mnship tx=1wccn boll og:e 01 inocu!o1ion ond fonna1ion of sclc-
ro1ia by S s1rain isola1c LA2-S flc11 3. Table 4) on loculc surfaces fdiomonds 
wi1h do11ed) ond with_in dcvclopmg >ecd !crosses wil~ rolid line). Dalo poin1s 
represent valuC!l for smg:lc locules. 

with AF36 ond ony of the S str~in isolates did no! r~suh in l'unlicr 
locu!e weight loss as compared with inoculation with the S strai11 
isOla!e alone. However. coinoculatiou or AF36 with isula1c YV l- l 
rcsulled in s1gnil1cantly smaller biomass reductions !halt wlicn 
YV 1-1 was inoculated alone (Table I). 

DISCUSSION 

All of the S s1rain isolates teslcd coJofiized co!!on bolls and 
formed sclcrotia on co11on locule surfaces. Seven of eight S str.\i11 
isolates were also able to fonn sckroti~ within dcvelopinf seed. 
In couon boll inoculalion experiments. !Om1ation or selero1ia by L 
strain isolates on locules ond in seed has not been observed in 
either the currem or previous {4,5) >!Udies. Similarly. S strain iso­
lates produced sclero1ia 011 pisrnchio liucr, but L strain isolates did 
not {13). Although sclerotia or A. j/(11•11s {L strain) h~''C been re· 
poned on wound-inocula1cd com {30). l'onna1ion of sclerotia on 
crops by A. j/al'11s is not frequently observed {24). This may.stem 
from both failure to recognize S stroin sclcrotia and dominance of 
L strain isolates during boll infection. \Vakeil and Nouman (27) 
found most af1atoxin within seed that also contained sclerotia when 
couonseed collected in Arizona were deliberately stored in the la· 
boratory under condition> favorable 10 A. fla""S seed decay. Based 
nn !he high 1oxigcnicity of the S strain. its frequent occurrence in 
Arizona (4.9,18), and the results on sclerotial formation from !he 

TABLE 3. Sclcro1iol fonna1ion on loculc surfaces and wilhin seed of co11on 
bolls inocu101cd wi1h s· s1r:iin iso!a1cs of ,tsr•rso'1/uf j1nr111 ci1hcr prior 10 or 
of1er3! days of3gc 

ScleroOol rating on loculc surface• J>.:rccm:ige of seed coni:tining o;clcrotia' 

<31"da}'S >30d.lys <]!days >.IO doys 
Tcs1' 01' "" ~ "" 01' ' 

5. 77 2.82 <0.d( 38.4 ((..J [}, (3 

l 3.34 0.92 <0.01 !O 0 <0.dl 
4.7S 2.29 <0.01 3SA )6 0.02 

•The following r.11ing sys1cm wos used: 0 = no sclcro1ia: ( " I 10 2S sclc­
ro1ia: 1: 26 10 SO sclcrotio: 3 "51 to lOO sclcroiia: 4" 10! 10 250 sclc-
101io: S " 1S ( 10 SOO •clero1ia: 6 " SO ( 1u 1.000 sdcro1ia; 7 " >I .000 sclc· 
ro1io presenl. 

' Porccmnge of se<:d wi1hin inucula1ed lncules in which sclcro1is were observed 
Juring bi~ec1ion ""d observalion under" dissec1ing 1mcroscopi: J30X). 

'Vo!ue• for 1es1s l ond 2 ore n1ean< of four replica1cs: each rcplicalc •s 1hc 
mean Jor oil bo!ls inocu!o1cd wilh one of four S strain holotcs. Difforen1 S 
s1roin isololes were u<Cd in 1os1s I and 2. Values fo1 1cs1 3 are means of 
ci1hcr seven 1>30 doyi old) or l6 l<3ll doys old) rcp!ico1cs in which each 
replico1e is 1h~ voluo-from a single locul" inocula1cd wi1h LA!·.~. In o!I 
1csl1. on~ loculc per boll was inucu!:i1ed. 

'S101is1ical significance of differences bc1wcen bolts <:.ti da}'S old ond bolls 
>30 doys old a1 inoc~la1ion. 

TABLE 4. Influence of A.r11eri:i1fu.< flo1·ur i.1olo1c AF3~ on ~fia1oxin con· 
1a1.,ino1ion of dc\"cloping cmlonsccd hy afio1oxin producing i>ola1cs oJ A. 

fl~"'" L s1rnin ond S slrnin 

lsolo1c Strain Alone Coinocula1ed Rcduc1ionl%) 

TCSI I 
D2·!8 L 52,831' 6,2!3 88.34' 
PMll L !01.632 3.832 96.23 

" s 177.186 10-0 99.94 

" s 386.788 " 99_99 

Tesl 2 
\Vl!T-3 L 1,.J88 .J.UJJ NS 
YVI L 5Jl 0 NS 
02-X s 9!.046 " 99.99 
oMJ s 108.640 " 99.96 

' Values !is1ed arc mcon\ of five replico1cs. 
'Percenl reduclrnns ;trC <ign1focan1 fp: Q_nl) by FISher"s pro1cc1cd leosl 

•ignificnnl di ffcrcncc 1cs1 c<ccp1 where indica1cd NS l no1 significan1). 
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currem s1udy. il seems likely lhal Waked and Nouman (27) were 
observing contamination caused by the S strain. Sclcrotia may be 
important for overwintering (I I) and, as such. fonnation of sclero~ 
tia in developing seed and on locule surfaces may provide an im· 
portant survival benefit. The S strain. which produces fewer coni­
dia 1han the L strain (4), may also rely on selerotia for dispersal. 
Formation of sclcrotia within seed may pennil dispersal by herb­
ivnrous rodents and birds; fonna1ion of sclcrotia on locule sur­
faces is ideal ror scaucring by modern spindle pickers. Indeed. 
1hrough dispersal of sderotia during spindle picking, couon pro­
duction may facilitate success of S strain isolates. 

Produc1ion of sclerolia in developing seed and on locu!e sur· 
faces varied with boll age at inoculation. Previous studies showed 
boll age also innuences anaioxin contamination (5). Optimal boll 
ages at inoculation for both anaioxin and sclcrotial fonnation arc 
similar, 21 lo 32 days after ~nlhcsis. Regulation of sclerolial mor­
phogenesis and anntoxin biosynthcsis arc in1errela1ed (3) and, thus, 
it is not ~urprising that the two coincide. Simultaneous fonnation 
of both aflaloxins and sclcrotia within collonsced by A. flovus may 
l1avc both ecolugica! and toxieological significance. Impregnating 
1issues surrounding scl~rotia with ana1oxins may serve to pro1ec1 
sclerotia from insect predation and lO prevent uliliiation of nutri­
tional resources in the seed by competitors (I I). Production of 
sc!ero1ia in the seed n1ay also increase seed 1oxicily. In addition 10 
anatoxins. several other highly toxic compounds are known 10 be 
conccnlraled within :;clcrolia of A. flowa (28,29). and synergism 
in toxicity is known between al leas1 one of 1hcse compounds and 
anatoxin (14}. Furthcnnorc, accumulation of tremorgcnic indoloter­
pcnes and other toxic compounds specifieally within S slroin sclero­
lia has been described (17). h, 1hercfore. seems likely 1ha1 S s1rain 
sclero1ia within commodities c~use levels of toxicity beyond that 
caused by the ana1oxin con1cn1 alone. Infections by S strain iso· 
!ates may. thus, cause an unrealiied decrease in commodity safety. 
a decrease not associated with many L strain isola1es. 

A1oxigenic L strait' isolate AF36 performzd as previously de­
scribed (6.10), by signilicantly reducing (8810 99%) lhe anaioxin 
B1 content of bolls inoculated with six of the eight isolates evalu­
ated. Isolate AF36 also significan1ly reduced lhe nui-nber of sclcrolia 
fanned on !oculc surfaces and. in some cases. the percentage of 
seed containing sclcrotia. Failure of AF36 lO significan1ly reduec 
either anatoxin comaminatinn or sclerotial formation in some 
1rcatmen1s probably rcnccls the great variability in ana1oxin and 
sclerolial produc1ion and not lack of an influence by AF36. 
AF36 apparcn1ly reduced both contamination and sclcrolial for­
mation through competitive exclusion as previously described 
(10). This conclusion is supported by fonnation of equal quan­
tities of conidiophorcs and conidia within seed inoculated wilh 
AF36 cii.her alone or in combination with an S Mrain isolate. 
but failure of conidiophores 10 form in seed inoculated with S 
strain isolates alone. 

In no case did coinoculation wilh AF36 increase loss of locule 
weight over losses associalcd with inoculation of S strain isolates 
alone. Apparently, A. flovr.is AF36 does not have increased boll rot 
ability eompared with the les1ed S strain isolates. Thus. ability 10 
competitively exclude aflatoxin-producing isolates is nol ncces­
~arily associated wilh increased boll rot ability. Indeed. AF36 had 
less boll rot ability than two S strain isolates (YVl-1 and PM 3) 
(Table I) that ii was effective al excluding. 

There is imercSl in developing A, flovus AF36 as a biological 
control agent that can increase couonsced safely by decreasing the 
anatoxin content (7 ,8).' The abili1y of isolate AF36·to inhibit scle· 
rotial fonnalion in developing co11onsccd by highly aflatoxigenie 
isolates of the S strain may serve 10 reduce overwintering of S 
strain isolates and increase 1he long-term impact of AF36 on 
the anatoxin-producing poternial of fungal popula1ions. Decreas­
ing the incidence of sclcrotia within infected couonsced is a sec­
ond mechanism by which AF36 may cause improved com­
modity safety. 
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frequeni rain showers that occur in spring weather, 
which is the time of maximum EFB infection. 
Fenarimol has shown "kickback activity" in that it 
controls fungal spore growth up to 48 hours after 
the spores have germinated and begun to infect 
plant tissue. This fearure again proves to be 
valuable in Oregon during wet springtime 
conditions when growers cannot get into· their 
orchards to spray immediately after a rain because 
of muddy or slippery conditions. 

The percent conO"Ol ofEFB in the five years prior 
10 1991 has been estimatec! at 0 to IO percent. The 
use of chlorothalonil through emergency 
exemptions in 1991 and beyond has increased the 
level of conr.rol to 50 percent. The addition of 
fenarimol is estimated by knowledgeable cxpens to 
increase control to greater than 80 percent. 

IR-4 has been involved in the development of 
magnirude-of-residue data to support a Section 18 
Specific Emergency Exemption and ultimately a 
Raw Agricultural Commodity 408 tolerance for 
Section 3 registrarions of the use of iprodione 
(Rovral~ on apples for the contra] of Alremaria 
blorch. lprodione application timing will be based 
on models. Two models are presenily under 
evaluation. One model is based on a threshold of 
65 percent of leaves with symptoms during the 
period of rapid disease increase (mid-June). The 
other model is based on accumulation of degree 
Cays and hours of le:ii wemess. The models will be 
used to make a decision aboui the timing of the 
fusi fungicide application; subsequent applications 
will be made at 2- or 3-week intervals. Research 
has shown that where the first spray of iprodione 
(RovraJ~ 4F) was applied when recommended by 
the models, disease severity and defoliation were 
not significantly greater than in the preventive 
1rea1ment where iprodione \Vas applied on a 2-
week schedule. The use of either model provided 
a savings of five fungicide sprays in each of the 
iwo orchards evaluated, thereby reducing the 
chemical load in the environment. 

The fungicide metalaxyl has a very specific mode 
of action. Downy mildew fungi, of which there are 
many species and genera, have the ability to 
produce large numbers of spores that can be 
disseminaied and cause new infections through 
many cycles within a single growing season. These 
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.two factors make it highly likely that insensitive 
srrains of downy mildew fungi will develop. Ciba 
Crop Protection has en:iployed fungicide mixtures 
co reduce this potential. They have packaged me!.;'l,­
Jax.yl with Mancozeb, Chlorothalonil. or copper 
fungicides to prevent the development of 
metalax.yl-insensitive strains of downy mildew. IR-
4 has been involved in the development of 
magnitude-of-residue data to support Ra\v 
Agriculrural Commod.icy 408 tolerances for Section 
3 registrations of the use of metala.xyl plus copper 
on many crops for the cqnrrol of downy mildew. 
These crops include: arrugula.. bok choy ehinese 
cabbage, collards, kale, mustard greens~ turnip, 
swiss chard, raspberry, grape, and papaya. 

These three examples are only a few of the many 
ways that fungicides can be used in IPWcrop 
protection programs that enhance both food and 
environmental safety: IR-4 will continue to work 
cooperatively with growers, grower groups, state 
scientists, federal scientists, and reglstrants in 
obtaining clearances for fungicide uses that 
provide more optimal pest-management strategies. 

Displacement of Aflatoxin-Producing Fung] 
from Cottonseed, Peter J. Cony, Agriculrural 
Research Service, USDA 

There are no reliable and economic methods for 
preventing ailaioxin contamination of eouonse:::d. 
and no products are eurrenily marketed to prevt!n: 
preharvest contamination. insect management. 
irrigation praco.ces, harvest timing, planting ciaie. 
and crop-handling procedures can be optimized to 
limit contamination. However, even after 
optimization. under severe environmental 
conditions. crops will frequently contain 
unacceptable. levels of contamination. Controls 
must be effecrive during crop development anti 
after crop maturation both in the field and in 
storage. Furthennore, most contamination occurs 
in damaged bolls; thus, controls must prevent 
contamination of plant parts compromised by 
either physiological stress or predation. Meeting 
these requirements is difficult for procedures that 
must prevent fonnation of the relatively rare. 
highly contaminated seeds that often contain the 
most contamination. A biopesticide that riieets 
these requirements is being developed. This bio­
pesticide uses naturally occurring atoxigenic 
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strains (do not produce aflatoxins) of Aspergillus 
jlavus to competitively exclude aflatox.in­
(Hoducing fungi and, in so doing, to prevent 
aflatoxin contamination. The product is expected 
10 provide economic benefit to conon producers in 
severely affected portions of Arizona. The IR-4 
Project Biopesticide Program is facilitating the 
development of this product by assisting in the 
registration process. 

A.fla1oxins are 1oxic, c.'.IICinogenic chemicals that 
frequen1ly occur in foods and feeds. Health 
concerns have led to regulaiory limitations on the 
afla1oxin con1en1 of foods throughout most of the 
world (Stoloff, van Egmond, and Park 1991). The 
mos1 toxic and highly regulated aflatoxin is Bi 
(Park and Stoloff 1989: Stoloff, van Egmoiid, and 
Park 199 l ). The fungus Aspergillus flavus causes 
aflatoxin contamination of cottonseed. 
Contamination ·results in losses for producers., 
processors, and animal indusoies that depend on 
cononseed for feed (Parle and Stoloff 1989). Whole 
cononsee'd and/or cononseed products are an 
imponant dairy and cattle feed. Aflatoxins in 
cottonseed are transferred to milk in slightly 
modified form (Park and Stoloff. 1989: Park and 
Stoloff 1989). U.S. regulations prohibil aflatoxin 
concentrations over 0.5 µg/kg in milk. Milk may 
be desrroyed and entire operations temporarily shut 
down and quarantined in ciairies producing milk 
tainted with unacceptable aflatoxin levels (Emnen 
t 989). To prevent unacce!)Lable ar1moxin levels in 
:nilk, u'le regula1ory 1hreshold for ar1atoxin Bi in 
cononseed fed to dairy cows is 20 µg/kg (Park, 
Lee, Price, and Pohlanci 1988; Park and Stoloff 
l 989). Aflatoxin contamination of cononsecd can 
be minimized by early harvest, prevention of insect 
damage, and proper storage (Cony 1991a; Cony 
I 99lb). However, even under careful managemeat. 
unacceptable aflatoxin levels may occur via either 
unpreventable insect damage to the developing 
crop (Cony and Lee 1989) or exposure of the 
mature crop to moisture prior to harvest (Cotty 
1992) or during storage (Russell and Lee 1985), 
handling, transportation, or even use (Cotty 
199la). 

Aspergillusjlavu.s populations are highly complex. 
and are composed of strains that differ 
morphologically, physiologically, and genetically 
(Bayman and Cotty 1991; Bayman and Cotty 
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1993; Cony 1989). Differences among strains in 
ability to produce aflatoxins is well known (Davis 
and Diener 1983), and aflatox.in-producing ability 
is not correl&ed with strain abiiit)' to colonize and 
infect developing con on bolls (Cotty 1989). These 
observations led to the suggestion that atoxigenic 
strains of A. jlavus might be used to exclude 
toxigenic strains through competition during 
in fee ti on of developing crops, thereby preventing 
al"laioxin contamination (Cony 1989; Cony 1994). 
In both greenhouse and field cxperimentS, wound 
inoculation of developing conon bolls and com 
e3IS simultaneously with toxigenic and atoxigenic 
strains led to reductions in aflll!oxin contamination 
of the developing crop pans as compared with 
conrrols inoculated with only the toxigenic strains 
(Brown, Cotty, and Cleveland 1991: Corty 1990). 
Atoxigenic strains are effective at pre.venting post­
harvest aflatoxin contamination both when the crop 
is infected naturally in the field and when n is 
inoculated after harvest (Brown, Cony, and 
Cleveland 1991). Thus, competitive exclusion of 
aflatoxin-producing strains of A. flavus with 
atox.igcnic strains of the same fungal species may 
provide a single method for preventing aflatoxin 
accumulation throughout crop production and 
u1ilization (Cole and Cony 1990; Cotty 1989; 
Cotty 1990: Cotty 1994). 

In the Uni1ed $La1es, afla1oxin contamination of 
cottonseed is mos1 eonsis1en1 ~d severe in the 
irriga1ed western desert valleys, where 
contamination is often associateci with pink 
bollworm damage (Cony l 991a: Corry and Lee 
1989). Cottonseed produced in these valleys has a 
relatively high value per acre because of high 
cotton yields and high demand for cononseed 
within the area. Contamination levels are highly 
variable within fields, plants, and even bolls(Couy 
199la; Cotty and Lee 1989; Lee. Wall, Cotty, and 
Bayman 1990). Contamination is often associated 
with seed exhibiting bright green-yellow 
florescence (BGYF) on the linter:; under ultraviolet 
lighr (1). BGYF cottonseed are typically those 
infected by A. flavus through insect wounds. 
Results of greenhouse studies sugges1 atoxigenic 
strains reduce aflatox.in contamination by 
competitively excluding aflatoxin-producing 
strains from the crop (Brown, Cony, and Cleveland 
1991: Cotty 1990; Cony and Bayman 1993). 
During seasons when aflatoxin contamlnation is 
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severe, A. flavus populations increase as the cotton 
crop is produced (Lee. Lee, and Russell 1986). For 
atoxigenic strains of A.jlavus to be useful during 
crop production, they must be applied ru: a time and 
in a manner that allows them to compete 
successfully with aflatoxin~producing strains. In 
theory, application of an atoxigenic A. _flavus str\lin 
early in the season should give the atox.igenic 
strain preferential exposure to the developing crop 
and thus the advantage in competing for crop 
resources during infection and during A. flavu.s 
population increases associated with cultivation 
(Robens and Richard 1992). 

An aflatoxin-prevention technology based on 
atoxigenic strains of Aspergillus f1avus is being 
developed for use in the region of Arizona with the 
most frequent and severe aflatoxin contamination 
of cottonseed. Strains are seeded into cotton fields 
at lay by (immediately prior to first bloom). The 
strains are applied to the soil surface under the 
crop canopy in the form of colonized sterile wheat 
seed. \\'hen the crop is subsequently irrigated, the 
atoxigenic strain uses the resources in the 
coloni.2.00 wheat seed, sporulates, and disperses to 
the crop. Wheat seed colonized by atoxigenic 
strain AspergillUJjlnvus AF36 has been evaluated 
in small-scale test plots since 1989. Strain seeding 
caused large and significant changes in the 
Aspergillus flnvus po9ulation on the crop and in 
the soil. Applications resulted in the applied 
::tox.igenic srrain becoming dominant in the field 
anci arlatoxin·9roducing strains becoming less 
frequent. Tnese changes in the A.. flavus 
populations were associated with great reductions 
(75 percent to 99 percent) in aflatoxin 
contamination (Cotty 1991 b). Further tests showed 
that atoxigenic strain ap9lications have a long-term 
influence on A. flavus populations resident in 
agricultural fields, suggesting atoxigenic strain 
a9plicarions may have benefits over multiple 
seasons and that long-term, area-wide changes in 
the aflatoxin-producing potential of A. jlavus 
populations may be achieved. Results of field 9lot 
tests indicate that atox.igenic-strain applications do 
not increase the amount of A. flnvus on the crop at 
maturity and do not increase the percent of the 
cottonseed crop infected by A. f/avus. 

Aspergillus flavus typically becomes associated 
with crops in the field during crop development 
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and remains associated with the crop during 
harvest, storage, and processing. Thus, crop 
vulnerability to aflatoxin t;ontam.inar:ion remains 
until the crop is ultimately used. Similarly, 
atoxigenic strains seeded into· agricultural fields 
prior to crop development will remain associated 
with the crop until use and may 9rovide long-term 
postharvest protection from contaminar:ion. 
.A.tox.igenic strains applied both prior to harvest and 
after harvest have been shown to provide 
protection from aflatoxin contamination of com 
(Brown, Cotty, and Cleveland 1991), even when 
tox.igenic strains are associated with the crop prior 
to application. 

Economics of aflatoxin contamination will 
probably dictate the regions in which atoxigenic 
strains are used. We hope to 9roduce materials for 
atoxigenic strain applications for SS.00 per acre or 
less. If treatments are 70-percent effective and an 
average of 40 percent to 70 percent of seed is 
above 20 ppb and the benefit of having aflatoxin­
free seeq is $20 to $40/ton, then growers will gain 
an average return above an inirtal $5/acre 
investment of S0.6G/acre tq $14.60/acre. 
Economics may be improved by both long-term 
and cumulative benefits resulting from strain 
ability to remain in fields until the next crops are 
planted. Benefits may also arise from the applied 
atox.igenic strains remaining with the cro9 until use 
and thus preventing increased contamination 
ciuring transit and in storage at dairies. 

Just as dust does not stay in the field in which it is 
raised, fungi cio not stay in the field 10 which they 
:ue a9plied. Thus. over time, applications may 
reduce contamination in an area as a whole, 
facilitating the development of either gin-wide or 
community-wide mar12.gement programs. In areas 
where multiple crops are affected by contamination 
(i.e .. com, conon, and peanuts). treatments to one 
cro9 may benefit all crops. The economics of 
applications in such areas may be complex. 

Develooment of a oroduct based on atoxie:enic 
strains . and sold ;_, an agrochemical V::ould 
probably be the simplest course to producing an 
af1atoxin-control product. However, there are 
currently no products available for preventing 
arlatoxin contamination during crop development. 
Thus. the potential market for such products is 



230

• 

• 

• 

unclear. Failure to demonstrate a reliable and ready 
market for atoxigenic-strain-based products has 
limited industrial involvement in their 
development. Alternatives to company 
development may include development of pest 
control districtS. Advantages of such programs 
include tailoring the atoxigenic strains and 
fonnu!ations to specific regions, increased cost 
effectiveness, and development of mechanisms for 
funding the moni1oring of fungal populations. 

The nexr step in developmen1 and 
commercialization of aioxigenic strains is the 
performance of large·scale commercial tests. These 
tests will detennine how to fit the technology into 
commercial practice and how to assess benefits of 
large-scale applications. Because atox.igenic strains 
are considered biopesticides, such evaluations 
require entry into the pesticide registration process 
and granting by the U.S. Environmental Protection 
Agency of an Experimental Use Permit and an 
Exemption from Tolerance. Interregional Research 
Project No. 4 is facilir.nting the funher 
development of atoxigenic strains by assisting \Vi th 
the registration process. An application to treat a 
portion of the 1996 commercial cottonseed crop 
has been submitted. 

Dead, \veakened, and panially decayed plant 
tissues are readily available in agricultural 
~nvironments, and it is not feasible to prevent the 
use oflhese resources by fungi. Thus. fungi grow 
:is our crops are grown, and these fungi become 
associated with the edible portions of the crop. A 
level of control over which fungi become 
associated with crops may be provided by seeding 
select fungal strains into agricultural fields. This 
selection and seeding of fungal strains may reduce 
the vulnerability to aflatoxin contamination of all 
crops grown in a trea1ed area. 
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INTRODUCTION 

Human activities affec1 both the size and structure of fungal populations. 
Construction, war. recreation, and agriculture disrupt large expanses of vegetation and soil; 
disruption causes redistribution of fungal propagules and makes nutrients available to fungi. 
Many fungi. including the aspergilli, exploit these human engineered resources. This results 
in the association of large fungal populations with various human activities. especially 
agriculture. When crops are grown or animals raised. fungi are also grown. From a human 
perspective, most fungi associaied with cultivation increase inadvertently. Human activity. 
however, partly dictates which and how many fungi oc_cur and the fungi, both directly and 
through fungal products, influence human ac1ivities, domestic ani_mals. and even humans 
themselves. 

During wann, dry pCriods. several of the aspergilli increase rapidly in association with 
crops. These include aspergilli in the Aspergillus fl av us group. Prior lo 1960, in1eres1 in the 
A. jlavus group resulted both from lhe use of certain strains in processing of agricultural 
products in Europe and the Orient (Beuchat, 1978), and from the abili1y of some strains lo 
parasitize insects. In the early 1960's fungi in the A. jlavus group were implicated as !he 
producers of aflatoxins ("d_spergillus.Jl£1yus loxins"), the toxins which poisoned thousands of 
poultry, pigs and trou1: in rrout lhese factors were associated with liver cane.er (Goldblan and 
Stoloff, 1983). It soon became apparent that aflatoxins also occurred in the human diet and 
that aflatoxins could pass from feed to milk with only slight modification (Goldblatt and 
Stoloff. 1983). The most common afla1oxin, afla1oxin B1 • was found to be a potent hepato­
carcinogen in rats and trou1; carcinomas were induced at rates below lµgkg· 1 body weight 
(Robens and Richard. 1992). Aflatoxin content of foods and feeds was eventually regulated 
in many countries (Stoloff er al .. 199I). In some' products, such as milk or infant foods. 
aflatoxin levels below 0.02 µgkg· 1 are mandated. Thus. for many, the focus of interest in this 
diverse and imponant fungal group became the productio'n of aflatoxins. 

There clearly are interactions between agriculture. and both aflatoxins and the fungi 
in the A. jlavus group. Some consequences of these interactions are obvious. others are 
vinually unexplored. The relationship of crop contamination cycles to the life strategies of 
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A. fla.vus group fungi is uncenain. The role agricultilre plays in structuring A. fla1•us 
populations and their toxigenic potential is also uncertain. This chapter will address some 
aspects of the interactions of A. jlavus with homans and human activities; it includes 
suggestions on how these interactions may be altered to reduce human exposure to aflatoxins 
and other detrimental fungal traits. 

INFLUENCES OF THE ASPERGIUUS FLA VUS GROUP 

Effeets of Aflatoxins on Humans and Domestic Animals 

Although afla1oxins are most often noted for ability 10 induce liver cancer at very low 
doses, they can cause several problems of economic importance during animal production. 
The presence of relatively high levels of aflatoxins in feeds can lead 10 anirilal death: rabbits, 
ducks and swine llJ'C particularly susceptible {LD,0• 0.30, 0.35, and 0.62 mgkg· 1, respectively; 
Pier, t992). However. a1 much lower Concentrations, aflatoxins have other effects on 
domestic animals including immunosuppression and reduced productivity {Pier. 1992: Robens 
and Richard. 1992). Once consumed, aflatoxins are also readily convened to aflatoxin M1 
which occurs in milk and can thus Cause both human exposure and sickness in animal 
offspring {Pier, 1992: Robens and Richard, 1992). 

Incidence of Health Effects due to Contaminated Foods. In many developed 
countries, regulations combined with both an enforcement policy and an abundant food supply 
can prevent exposure of human populations, in most cases, to significant aflatoxin ingestion 
{Stoloff et al., 1991). However, in countries where either food is insufficient or regulations 
are not adr..quately enforced, routine ingestion of aflatoxins may occur {Hendrickse and 
Maxwell, 1989; Zarba, er al .. 1992). In populations with relatively high exposure, a role for 
aflatoxins as a risk factor for primary liver·cancer in humans has repeatedly been suggested, 
but is still not clear {Robens· and Richard, 1992). However, aflatoxins cause a variety of 
effects on animal development, the immune system and a variety of vital organs. Exposure 
to aflatoxins, panicularly in staples (i.e. com or pCanuts) of people dependent upon relatively 
few nutrient sources, must be considered a serious detriment. The relationship between 
aflatoxins and kwashiorkor may be only one reflection of this detriment {Hendrickse and 
Maxwell. 1989). 

Effects of Aflatoxins on Agricultural Enterprise. Controversies regarding· the 
possible role of aflatoxins in primary liyer cancer'of humans are moo1 in the contemporary 
international marketplace. Brokers and producers of agricultural commodities have found 
aflatoxins increasingly costly as careful monitoring of aflatoxins limits the use and value of 
contaminated products (Cappuccio, 1989). Regulations in most developed countries and even 
many less developed countries restrict the impon of contaminated foods and feeds (van 
Egmond, 1991: Stoloff er al .• 1991). Assessing the aflatoxin content of crops is a routine 
aspect of brokering and often a prerequis.ite of shiPPing. Contamination is highly variable and 
allowable concentrations are at such low levels (some below 1 µgkg. 1), that analysis prior to 
shipping cannot always ensure acceptable levels upon receipt, even if no increases occur 
during transit {Horwitz et al .. 1993). This increases commodity costs and can decrease 
competitiveness of imponed products. Regulations applied more rigorously to imponed than 
domestic products or set at zero, where the limit of detection determines the enforcement 
level. can serve as barriers to trade which again increase the cost of products. These 
increased costs may be the primary effect of aflatoxins felt by most consumers in developed 
nations. 

Effects of" AOaloxins on Health of Agricultural Workers. Labourers engaged in 
production and processing of commodities may be exposed to aflatoxins through inhalation 
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(Shotwell, 1991). Crops grown under conditions favouring aflatoxin contamiri.ation often 
become covered with large quantities of A.flavus propagules. Funhermore, air in areas where 
contaminated crops are produced may contain thousands of propagulcs per cubic meter (lee 
et al., 1986). These propagules. which are mostly conidia. remain associated with the crops 
through harvest and processing. Conidia contain large quantities of aflatoxins (over 100 
mgkg"1 in some suains; Wicklow and Shotwell, 1982). Since most conwnination occurs in 
damaged crop components. fines and dust generated during crop processing have much higher 
toxin contents then the crop as a whole (Lee et al .. 1983). The conidia, fines, and dust. may 
be inhaled and thus pose an avenue of exposure to aflatoxins; this exposure has been 
quantifted in certain cases (Shotwell, 1991). Recently, occupational exposure to aflatoxins 
through the hand.ling and processing of contaminated agricultural products has been associate.d 
with increased risk of both primary liver cancer and other cancers (Alavanja et al .• 1987: 
Olsen et al., 1988). 

Aspergillus flavu.s group Fungi as Allergens and Animal Pathogens 

Several allergic and infective conditions of humans and certain other venebrates are 
cause.d by Aspergiflus species (Rinaldi. 1983: St. Georgiev, 1992; Wardlaw and Gedes, 1992). 
These include allergic bronchiopulmonary aspergillosis and invasive pulmonary aspetgHlosis. 
The most common cause of most of these conditions is Aspergillus fumigatu.s (Rinaldi, 1983; 
St. Georgiev, 1992: Wardlaw and Gedes, 1992). However. other aspergilli. including 
members of the A. flavus group. are also often implicate.d. 

Insect Pathogen. During epidemics of aflatoxin contamination, high concentrations 
of A. flavus group propagules are associated with most objects resident in fields, including 
insects; thus insects may serve as vectors (Stephenson and Russell. 1974; Widstrom, 1979). 
A. flavus readily grows and multiplies on insect damaged crops, insect frass and on insects 
themselves both as dead di::bris and as parasitized hosts (Sussman, 1951.1952; Stephenson 
and Russell, 1974: Goto er al .. 1988). Many insects tYPically carry A. ftavus group isolates 
internally and many insects arc hosts of at least ·cenain strains (Stephenson and Russell, 1974: 
Widstrom, 1979; Goto et ol., 1988). Domesticated insects are included among the hosts of 
the A. flavu.s group. Domesticated insect diseases include Stonebrood, a rare disease of the 
honey bee which is of minor imponance to bee keepers (Gilliam and Vandenberg, 1990) and 
koji kabi disease of cultivated silkworm larvae (Ohtomo et al., 1975; Goto et al .. 1988). 

BenefilS of Aspergii/us flavu.s group Fungi 

Industry. Fungi in this group have had a long history in processing to increase 
product utility and value. A. flavus group strains are used to produce enzymes for food 
processing and other industrial uses and even to produce therapeutic products such as urate 
oxidase and lactofenin (Chavalet et af .. 1992; van den Hondel et al., 1992; Ward et at .. 
1992). A variety of traditional fermented food products have been made with fungi in the A. 
flavus group for centuries (Beuchat. 1978). 

Ecological Benefits. Although A. flavtJS group fungi are not conunonly recognised 
as beneficial, these ubiquitous organisms become dominant members of the microflora under 
certain circumstances and exen multiple influences on both biota and environment. These 
fungi are imponant degraders of crop debris and may play roles in solubilising and recYcling 
crop and soil nutrients (Ashwonh et al., 1969: Griffin and Garren, 1976). A.jlavtJS can even 
degrade lignin (Bens and Dan. 1989). As insect pathogens, these fungi may serve to limit 
pest population~ (Wadhwani and Srivastava. 1985) and have even been considered potential 
agents to replace chemical insecticides ( Robens and Yendol, 1971). 
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Contamination Cycles 

Contaminated components. A. jlavus causes a variety of plant diseases typical of 
largely saprorrophic "weak" plant pathogens (Widsrrom, 1992). These diseases includ.e boll. 
ear, and pod rots which result in both decreased yield and reduced quality (Shurtleff, 1980; 
Watkins, 1981). However. crop infection by A.fiavus takes on a different i:mponancc than 
infections for which concern might focus on yield and quality loss. or increased free fatty 
acids. Aflatoxins are compounds regulated in pans per billion: yet, these 1oxins occur in 
certain infections at concentrations over I 00,000 · ugkg"1

• This situation causes high-toxin· 
containing components 10 greatly exceed in cost the value of the same components if not 
contaminated. Variability among components of crops in aflatoxin content is extreme (Figure 
1). Mos1 infected components coniain low aflatoxin concentrations (below 50 µgkg- 1

). 

However, a small percent contain very high 1oxin levels. at times exceeding 500,000 µgkg' 1 

(Cucullu et al., 1966; Schade er al .• 1975: Lee et al., 1990; Steiner er al .. 1992). ln many 
cases. elimination of highly contaminated components (over 1.000 µgkg'1

) would result in a 
commodity with an accepra.ble average afla1oxin con1cnt (Schade el al., J 975; SteinCr et al .. 
1992). 

Crop components damaged by wounding or severe stress are colonised and decayed 
by a varie1y of fungi. During hot and dry conditions, fungi in the A. flavus group out 
compete many colonising microbes and become the prominent fungi d'egrading damaged 
components. In most crops the majority of contamination occurs in damaged plant pans 
(Wilson ea al., 1977; Lee et al .• 1983; Cotty and Lee, 1989). Damaged seed can be son.ed 
from high value crops for less profitable use such as production of vegetable oil. However, 
crushing contaminated seed to produce oil concentrates aflatoxins in the resulting meal which 
is used for feed. Such toxic meal caused the first recognised aflatoxin problems; peaiiut meal 
caused 1urkey X disease in England and cottonseed meal.caused trout hcpatocarcinoma in the 
United States (G0ldblan and Stoloff, 1983). Such meal n:iust either be de1oxificd (i.e.' through 
ammoniation) or put to non-feed use (Park el al., J 988). 

Geography determines frequency and severity. Geographic location greatly 
influences frequency of contamination. Many agricultural areas at low elevation and between 
the Jatitlides 35 N and 35 S have perennial risk of contamination. Countries in this zone 
(which include many countries with insufficient food supply) may view elimination of 
aflatoxins from the food supply differently than countries whose major agricultural lands lie 
out of this zone (i.e. developed countries in Europe and North America). Producers of 
contaminated products may base allowable levels of aflatoxins on toxicological data. whereas 
consumer nations which rarely produce con1aminated products may base allowable levels at 
the lowes1 level detectable (Stoloff et al .. 1991). · 

Conra.mination cycles can be considered perennial, sporadic or infrequent based on 
locale and crop. In all three situations, populations of A. flavus are long term residents. 
However. populations in different areas differ in magnitude (Figure 2) (Griffen and Garren, 
1974: Manabe et ol .. 1978; Shearer e1 al .. 1992) and possibly in the distribution of both 
qualitative and quantitative traits (Manabe e1 al., 1978; Cony, 1992b). During periods not 
conducive to contamination, perennial areas (i.e. the dcscn valleys of Arizona; Lee et al., 
1986) support higher A. flavus populations than areas with infrequent contamination. i.e. 
mid west com producing areas (Shearer e1 al .. i992). Areas with sporadic contamination may 
have perennial contamination at low levels but, have less regular exposure to· important 
predisposing factors such as hot, dry conditions. i.e. contamination of com in certain areas 
of the southeastern United States (Widstrom, 1992) or insec1 pressure .. i.e. pink bollworm 
pressure on cotton in western Arizona (Cotty and Lee, 1989). During periods conducive to 
contamination, a shift in the microflora occurs and aflatoxin producing fungi become 
dominant colonisers and decayers. 
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Processes through which crops become contaminated with aflatoxins are varied and 
complex (Diener e1 al., 1987). However. certain generalities might be suggested. 
Contamination cycles may be divided into three phases: Prebloom. Crop Development. and 
Post Maturation (Figure 2). 

Prebloom. Contamination does not occur in the field during the period after crop 
removal and prior 10 bloom. However, both the microflora and crop may become predispoSed 
10 concamination. During this phase: I. propagules (conidia, sclerotia, colonised organic 
matter) are dispersed through cultivation. planting, pruning or other activities of animals 
(including man) or the environment: 2. A. flavus populations fluctuate, first decreasing after 
crop removal and then, if conditions are favourable. increasing on debris from current and 

D"' 0.1.2.s gtkg 
• = 2.5· t5 g/kg 

•"'over 15 g/kg 

0 = 1nlec1ed & no lO~in 

Figure !. Dis1ribu1ion :md afl:iio~in comem of maize kernels on :in ear (dr,Jwn from d:u:i in Lee e1 al .. 1980) 
and bo!!s on n p!:in1 (COit)' and Lee. !990\. Con1amina1ion is hi~h!y variable and no1 a!! infec1ed seed becomes 
conmmmn1ed . 

prior crops (Ashwonh er al .• 1969: Griffen and Garren, 1974: Lee er al., 1986) 3. The crop 
may become predisposed by long periods of drought or by luxuriant growth followed by 
drought (Cole et al .. 1982; Deiner e1 al., 1987; Shearer el al., 1992); 4. Overwintering 
insects' emerge and develop. 

Crop Development. F1om flowering to maturation, seeds and fruits are vulnerable 
to various penurbations. During this phase: l. lf conditions are hot and dry, populations of 
the A. f!av11s group, in canopy and soil, will oUtcompete many saprophytic microbes and 
increase in size. 2. High temperatures and/or drought stress may interfere with crop 
development and weaken plant defences making the crop more susceptible to infection and 
coniamination (Jones el al., 1981: Cole er al .• 1985: Wotton and Strange. 1987: Widsrront. 
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1992). 3. Wounding of fruits at· middle to late stages of development can lead to portions 
of the crop with very high toxin levels (Lillehoj era! .• 1987; Cotty, 1989b). In several crops, 
most aflatoxin is fanned during this phase and in cenain locations crop prcdisposal to 
contamination can be attributed to specific wound types caused by specific insects. Examples 
are pink; bollwonn exit holes in cotton in the desen valleys of the western United States 
(Cotty and Lee. 1989), maize weevil damage tn the southern United States (McMillian ef al., 
1987), navel orange wonn damage in nuts in the western United States (Schade er al., 1975; 
Sommer et a/., 1986), and lesser com stalk borer daffiagc in peanuts in the southern United 
States (Lynch and Wilson, 1991). In some crops, components prevented from maturing due 
10 stress or early harvest are particularly vulnerable. to contamination (Cole er al.. 1985; 
Lynch and Wilson, 1991). 
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Enviion,.,1n1 d1t1.,.,•n•s tn• m19nit11d1 ot Aop019/tlu1 r/1vu1 popul1tion1 
- .. LocaUon t - - • .. Loution 2 • • • .. Location 3 

Year 2 

Fungi ov1rw1n1sr •nd 
dev•lop on·par1nn1el 

pins and da~ri1 

Year 3 

-' -
Year 4 Year 5 

HIU'\/111 op1r1Uon• m1y 
PhY•lcally damag1 •nd 
pr1dl1po11 th• crop 

Preh•"'•ll 
Tran1portatlon 

Orying 
Stor1g• 

Proce11ing 
End u1e 

Figure. l. Contamination cycles c::in be divided into three p~ases. Local c011ditions dctcrmir.e both the 
extent of cont.runination and the magnitude of A. flavur populi:itions associated wi!h the crop. Bo:ii:ed 
infonnation applies to all crops. 
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Post Maturation. Most crops are susceptible to aflatoxin contamination at maturity 
and if the crop was grown ifl an area with perennial contamina1ion or during a period 
conducive 10 contamination. the mature crop will be associated wi1h large quantities of A. 
flavu.s group propagules. These propagules remain associated with the crop as it awaits harvest 
in the field, during harvest, field storage (i.e. peanuts in windrows, cotton in mOdules), 
shipment and processing. and even during storage by the end user. Exposure.of the mature 
crop to periods of wetting and drying under warm conditions may lead 10 increased 
contamination. Aflatoxin concentrations are known to be dependent on environm~ntal 

conditions and competing microflora {see Sera.in Isolation and Accumulation of Aflatoxins). 
Mature fruits and seeds are living organisms and factors which compromise seed health, such 
as wounding: or stress, predispose these products to infection and contamination. Harvest 
operations can simultaneously damage crops and introduce A.flavus into wounds (Schroeder 
and Storey. 1976; Sommer er al .. 1986: Siriacha et al., 1989). Insect activity after harvest 
can disperse aflatoxin-producing fungi and, by increasing host susceptibility ."increase aflato:dn 
levels in a manner similar to insect damage during crop development (Dunkel. 1988). The 
same insect can affect contamination both prior to and after maturation (ie. the navel orange 
worm on pistachios). 

Post maturation contamination dictates that each handler of the crop be responsible and 
minimize the potential for aflatoxin increases. Thus dairies which· purchase feed with 
undetectable toxin must still store the feed properly or contaminated milk may occur. With 
indeterminate crops (e.g. cotton) crop development and post m3;turation phases may occur 
simultaneously and with all crops the prebloom and post maturation phases occur 
simultaneously, although at different locations. 

Initially. the crop development phase was ignored because all contamination was 
thought to occur post harvest: recently, most research has beeO directed at contamination 
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Figure 3. Phenograms of A.ftav11s group isolaies. T:il;a-amylase data from Egel and Colly, t 1992); RAPD data 
from Baym:m and Cony. (1993). 
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before harvest, sometimes without distinguishing periods of active crop development from 
periods after maturation (Lillehoj et al., 1976: Gqldblatt and Stoloff, 1983). The 
contamination process can be divided many different ways besides those ,presenred here. 
However, failure to segregate the contamination process into different phases may re~ult in 
data that suggests no clear pattern and apparent conrradictions. For example, in Arizona, most 

· cottonseed contamination occurs during crop development in cononbolls damaged by pink 
bollworms in the :i.bsence of rain (Cotty and Lee, 1989). Still. rain on a mature crop awaiting 
harvest can lead to significant conwnination during post maturation. even if developing bolls 
were not damaged (Cony. 1991). Similarly, a great fervour occurred about contamination of 
the midwest U.S. com crop, in the field, during droughts of 1983 and 1988 (Kilman, 1989; 
Schmitt and HurbW'gh, 1989: Shearer era/., 1992). Yet, in Thailand, contamination typically 
occurs during the wet season, not during the dry season (Goto et al., 1986). In Thailand's 
rainy .season. contamination occurs during post maturation (Siriacha et al, 1989); in the 
midwcstem United Scates, it typically occurs during crop development (Lillchoj et al .. 1976). 

F.UNGAL POPULATIONS 

Diversity 

Species of Aflatoxin-Producing Fungi. There have been a variety of taxonomic 
schemes used to classify A.jlavus group strains (Thom and Raper. 1945: Klich and Pitt, 1988: 
Samson and Frisvad. 1990). Each species represents an assonment of srrains which behave 
as clonal organisms with the exception of occasional parascxuality between members of the 
same vegetative compatibility group (Papa. 1984, 1986). For the purposes of this discussibn 
we will place all isolates within this group into four species A.flavus. A:spergillus para:siticus, 
A. namius, and A:spergillus ramarii. Depending on interpretation. these species are supported 
by clustering algorithms based on DNA polymorphisms (Kunz.man er al., 1987; Moody and 
Tyler, 1990a,b: Egel and Cotty. 1S!92: Bayman and Cotty, 1993). A. tamarii is of minor 
interest here because no isolates in·this species produce aflato;<ins. A. ramarii isolates 
apparenlly have some markedly different adaptations than the remainder of the group and A. 
1amarii is more distantly relaied to the other three species, than the three are to each other 
(Kurtzman er al., 1987: Klich and Pitt. 1988). A:spergillus oryzae and A:spergillus :sojae are 
apparently derived from A. fl av us and A. para:siricu:s, respectively (Kunzman er al .• 1986) and 
will be mentioned only in an industrial contcx1. A. nomius was named after the genus of 
alkali bees from which several isolates were obtained (Kunzman er al., 1987). A. nomius 
comprises a group of srrains that are distinct by both physiologic and molecular criteria 
(Kurtzman et al .• 1987: Bayman and Cony, 1993). The name "nomius" may be misleading 
in associating this species predominantly with the alkali bee when isolates are known from 
several crops, including wheat (the type isolate) and peanuts (Hesseltine et al .• 1970). 

Diversity Within A:spergillu:s jkrvu:s. Within each of the three aflatoxin producing 
species, there is a great deal of variability among isolates. It may be, that if we sought out 
all the unusual or atypical isolates within this group and examined them, we would find a 
continuum as suggested by Thom and Raper (1945). Indeed·, based on polymorphisms in the 
Taka-amy!ase gene, we have found strains intermediate between A.jlavus and A. parasiricu:s 
as well as A. nomius isolaies almost as different fr0m the A. nomius type strain as the A. 
parasiricus type from the A. flavus type (Egel and Cotty, 1992; see Brazil nut isolate in 
Figure 3). Variation among isolates ts evident in gene1ic, physiological and morphological 
characters. Each of the above species is composed of at least several Vegetative 
Compatibility Groups (VCGs) and A.flavus is composed of many (Papa. 1986; Bayman and 
Cony, 1991; P.J. Cotty, unpublished). Physiological and morphological rraits a.re typically 
much more consistent within a VCG than within the species as a whole (Bayman and Cotty, 
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.1993). Thus. a large portion of 1he variability perceived within A. jla1·us reflects divergence 
among VCGs. This divergence has resulted in consistent differences among VCGs in several 
characters. including enzyme production. plan1 vinilence, sclerotial morphology. and other 
physiological traits (Cotty. 1989a; Cony e1 al., 1990b: Bayman and Cony, 1993) . 
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Figure 4. Silhoueoes of sclerotia produced by afiaioxin producing isolrues during 30 days growth at 32 °c 
on Ci.apck's agar; A is an unusual isolrue of A. 11omius from a Brazil nu1: B is an L suain isolau: of A. 
j/avlis: C is an S strain isota1e of A. j/(;fllus; D is lhe Lype isolate of A. nomius. E is an isol::ue of A. 
parosiucus. All bars are 3 mm. 

Variability in production of a.flatoxins. especially among A. jlavus isolates, has often 
been reported and discussed (Joffe, 1969; Davis and Deiner. 1983; Clevstrom and Ljunggren. 
1985). A.flavus isolates may produce anywhere from no detectable aflatoxins (<l µgkg. 1

) to 
over 1.000.000 µgkg· 1

• A. parasiticus and A. nomiw produce Band G aflatoxins. and A. 
parasiricus produces aflatoxins far more consistently than A. jlavus (Hesseltine et .al., 1970: 
Domer et a/., 1984; Kunzman et aL, 1987). Too few isolates of A. nomius have been 
examined to discern consistency. A. flavus is generally considered to produce only B 
aflatoxins (Samson and Frisvad. 1990): however, this observation is dependent on how the 
definition of A.jlavw is restricted (Saito er al., 1986; Klich and Pitt, 1988). Taxonomy aside. 
variability in toxin production, and other sirain differences indicate divergence and possible 
differential adaptation. This variability can be a tool for discerning functions of variable iraitS 

(Cleveland and Cony, 1991): ii may further be used to deVclop a better understanding of the 
ecological niches to which strains are adapted. 

On the basis of physiological and morphological criteria, A.flavus can be divided into two 
strains, S and L (Cotty, l 989a). Isolates in the S strain of A.jlavus (actually a collection of 
strains which belong to numerous VCGs; Cotty, )989a: Bayman and Cony, 1993; Cotty et 
al., l 990b) produce numerous small sclerotia and fewer conidia than other A. flcivus isolates 
(Cony, I 989a: Saito et al., 1986). The L strain is composed of the so called "typical" isolates 
of A. flavus (Saito et al., 1986) which produce larger and fewer sclerotia. Some key 
differences between the S and L strains are outlined in Table I. 
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Table 1. Key charac1eri~1ics of the S and L strains of Aspergillus flavus 

Character L strain S scrain Reference' 

Average> 300 mm Average< 300mm A. B 
Vanable. Zero to High ConsistcnL High A.B 
Heavy Light A.B 

None to many, !Ocm·: Many > 50cm·' A 

Sclerouum size 
Production of aflato:dns 
Production of conidla 
Produc1ion of sclerotia 
on potato dextro;.e agar 
on 5% V-8 juice 
Virolenee to cotton 
~ctill2.se production 
Primary habitat 

None 10 few,< Icm'1, Many Hkm·' to 50cm·' A 
High Low 10 High A 
Consistent Variable c 
Aerial? Soil? 

'References: A - Cony, 198911: a·"" Saito(/ al .. 1986: C '°'Colly e1 al .. !990b 

Importance of Infrequent Strains to Contamination. The etiology of aflatoxin 
contamination. and the relationship of both the size and structure of Aspergillus populations 
10 con1amina1ion is complicated by the importance of unusual snain types which occur at low 
frequency. Aflatoxin contamination is a peculiar and frustrating agricultural problem because 
less than 1% of the crop may· be contaminated with levels high enough to make the average 
of the entire crop exceed allowable concentrations (Figure I). During attribution of cause. 
infrequent but highly toxigenic strains may easily be overlooked or not identified as potential 
aflaioxin producers. Such may be the case with isolates belonging to the S strain of A. 
jlavus. Due to colony and sclerotial appearance (Figure 4) S strain isolates may be passed 
over in favour of co-occurring "typical" or L strain isolates. Several visitors to our 
laboratory have been surprised at the identity of S strain isolates and have rCtumed home to 
discover the occurrence of S scrain isolates at their: locale. In soils of several areas of the 
southern United St.ates, the S strain incidence averages around 30o/a (Cony, 1992b). On 
average S strain isolates produce much higher aflatoxin levels than L strain isolates, and also 
more sclerotia and fewer conidia (Saito 1?1 al .. 1986: Cotty, I989a) (Table 1), Predominance 
of conidia of L strain isolates on mature crops may at ti'mes interfere with attribution of 
contamination to S strain isolates actually inciting the problem. 

Another relatively infrequent aflatoxin-producing fungus is A. nomius. A. nomlus 
isolates can produce large quantilies of aflatoxins but may be misidentified as A. parasiticus 
which produces the same aflatoxins (both B and G) and roughened conidia (Hesseltine et al .. 
1970: Kunzman er al., 1987). A case in point is an unusual A. nomius isolate from a store· 
bought brazil nut which contained 8,400 µgkg' 1 total aflatoxins (Figure 4). This isolate 
produces large quantities of aflatoxins and. based on polymorphisms in the taka-amylase gene. 
differ:s almost as much from other A. nomius isolates as A. parasiricus differs from A.fiavus 
(Egel and Cotty. 1992) (Figure 3). This isolate is clearly unusual. but it incited significant 
contamination in the marketplace. Funhermore. such rare highly contaminated nuts are the 
primary soun:e of contamination in brazil nuts (Steiner er al .• 1992). 

Diversity in Ecological Niches. Fungi in the A.jlavus group are broadly adapted lo 
exploit many organic nutrients and to infect a variety ·of animal and plant hosts. Strains 
must adapt to compete in ecological niches which provide long term survival. Many strains 
with diverse adaptations clearly have some success in exploiting crop related resources. 
However, other niches, which may only .suppon sma!l fungal populations relative to crop 
associated niches, may have been occupied over long periods by certain strains. Differences 
among these "minor" niches may drive strain diversification. Similarly. stability of minor 
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niches may stabilise the character of minor strain types. Relatively stable minor niches may 
have greater long term importance than vast crop resources, because suitability and quantity 
of crop related resources oscillate widely tn response to the elivironment, insect herbivory, 
changes in agronomic Practice and the crop iLSclf. 

Wicklow (1982) showed that strains of the A. flavus group used as Koji moulds 
(moulds used 10 produce fermented foods) (Beuchat. 1978) germinate faster and have larger 
spores than wild scrains of the species from which these moulds were probably domesticated: 
thus during domestication. the Koji moulds inight have developed traiLS which favour rapid 
nutrient capture (and success during inrraspecific competition) and Jost traits which are no1 
adaptive in the Koji environment, i.e. aflatoxin-producing ability (Wicklow, 1982). DNA 
relatedness among strains of A.flavu.s and A. parasiricus and their Koji mould equivalen1s. 
A. oryzae and A. sojae, suggest that the Koji moulds were indeed derived from the wild 
species (Kunzman er al., 1986: Egel and Cotty, 1992). However, attributing adaptive value 
10 Koji traits is speculative in the absence of experimental data. Similarly, strain variabili1y 
suggests multiple adaptations. but our assignment of specific functions to adaptations is 
largely speculative. 

Strains of the A.jlavus group may not only differ in host or nutrient use, but also in 
host/nuaient location and stra1egy to exploit resources. Members of this group are very 
common both in and above the soil. Although all A.flavus group strains conaibute to the soil 
biota. cenain scrains may be beuer adapted to capture resources aboVe the soil. Small 
sclerotia and reduced sporulation among S strain isola1es may imply adaptation to infect and 
capture resources in the soil whereas relatively large sclcrotia often facilitates aerial infection 
and nuaient cap1ure (Garre1t; 1960). S strain isolates may have diverged from other A.flavus 
strains through adaptations to the soil environmenL There has been a_gencral assumption that 
sclcro1ia of this group serve primarily 10 produce conidia after non-conducive periods 
(Wicklow and Donahue, 1984). ScJerotia of other fungi can germinate directly to infect 
hosts or capture resources (Coley-Smith and Cooke. 1971); this may also be an important 
role for sclcrotia in the A. flavu.s group, panicularly for S strain isolates which appear 10 
disperse via numerous, small sclerotia. 

A. parasiricus has also been associated with the soil environmen1 (Davis and Diener, 
J 983) because in ceru..in locations (e.g. Georgia), it occurs more frequently on peanuts than 
on com (Hill er al.. 1985). Although relatively few isolates have been compared, in most 
cases. A. fi'avus isolates are more invasive of crop tissues, even peanut tissues, than A. 
parasiricus (Calven er al., 1978; Zummo and Scon, 1990: Pin er al., 1991). Funhermore, 
based on occurrence of G afl;uoxins (produced by A. parasiricus and A. namius, but not A. 

·flavus) A. jlavu.s produces mos1 concamlnation in peanuts (Hill er al., 1985: Maeda. 1990). 
Conflicting observations on the association of A. parasiricu.s with peanuts may reflect fungal 
adaptations to soils or conditions in cenain locales where peanuts are a major crop and Jack 
of adaptation to other locales. This is supponed by a low frequency of A. parasiricus in 
several agriculrnral areas and failure of introduced A. parasircu.s strains 10 overwinter 
efficiently at cenain locations (Davis and Diener, 1983: Zummo and Scott, 1990; Cony, 
i 992b). 

A. flavus strains produce large quantities of excraccllular enzymes (van den Hondel 
er al., 1992) which probably enhance their ability to utilise a broad assonment of organic 
resources. Enzyme.polymorphisms have been used to suggest a role for specific enzymes 
(elastase and pec1inase) in fungal virulence. Certain strains of A.flavus have reduced ability 
to rot cotton bolls and spread be1ween cotton boll locuk;s (Cotty J 989b). This reduced ability 
is associated with failure 10 produce a specific pectinase isoenzyme. P2C. both in culture and 
developing couonbolls (Cle"'.eland and Cotty, 1991; Brown er al., 1992). Jn one population 
study, 50% of S strain isolates and no L scrain isolates failed to produce P2C. This 
polymorphism suggests certain S strain clones arc not dependent on efficient colonisation of 
plant hosts. S strain isolates might primarily exploit soil debris and/or insec1 hos1s and thus 
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not require high pectinase. Even though not optimally adapted to exploit plants. pectinase 
P2C deficient strains do occur on the commercial crop and can cause significant 
contamination (Cotty. 1989a: Cotty er al .. 1990b). Therefore. specific adaptation to a crop 
is not required for strain contribution to contamination. Analogous to P2C variability is 
variabilily in production of elasia.se (an alkaline protease.I. All A.jlal'us strains isolatel:! from 
patients suffering from invasive aspergillosis produced elastase whereas strains from other 
origins produced elastase less frequently (Rhodes er al., 1988). Thus. a role ior e\11.stase in 
human pathogenesis has been suggested {Rhodes et al .. 1988), although this role is still 
contr0versial (Denning et a/., 1992). A.flavus is an opponunistic human pathogen and it's 
unlikely that A. flavus elastase evolved to permit infection of mammals. The ecological 
function of elaswe is not clear. however, elastase production may be directed at exploilation 
of dead mammals or insects (Chamley, ·1989: Malanthi and Chakrabony. 1991). 

A.flavus has an intimate relationship with insects, panicularly lepidopteryms (Sussman, 
1951. 1952). Excretion of large quantities of diverse enzymes. a characteristic of the A. 
jlavus group (van den Hondel er al.. 1992). may facilitate mutualism as well as parasi1ism and 
saprophytism (Manin, 1992). Insect use of fungal !i'xcreted enzymes 1hat degrade or detoxify 
plant products can drive development of fungal-insect mutualisms (Martin, 1992). The A. 
jlavus elascase actively degrades multiple enzymes in alkaline environments (Rhodes er al .. 
1990) and is relatively stable among other proteases (van den Hondel et al .. 1992: P.J. Cotty 
and J.E. Mellon, unpublished). Such activities might ameliorate the lepidopteran gut 
environmen1 (ie. alkaline and high protease activity) (Marrin, 1992) and pennit Strain 
establishment and retention. Similarly. aflatoxins may exert influence on insect immune 
systems (Chamley, 1989) permitting fungal strain retention. A. flavJ£s-insect relations meet 
severaj piedic1ions of murualistic rela1ions including fungal asexuali1y and lack of specifici1y 
(Manin, 1992). However. production of a poten1 insecticide and/or other virulence factors 
(Sussman. 1952: Ohtomo et al .. 1975: Drummond and Pinnock, 1990) within host tissues 
preclude full mutualism and allows a shifl from avirulence to virulence. The associated host 
death may benefit both saprophytic inseci exploitation and movement to plant resources 
(Benne1t. 1981). Speculations abou1 1he nature of the relationship aside, diverse anhropods 
vector A. jlavus group fungi, predispose crops to.aflatoxin contamination and serve as both 
hosts and predators of many A.flat•us group strains (Widstrom. 1979). In the latter two roles 
these animals may exert strong selective pressure on fungal strain character and the fungi may 
exert considerable pressure on insects (Rodriguez er al,, 1979; Wadhwani and Srivasr.ave, 
1985). 

Specialisation of strains seems not to include pathogen-host specificity. or at least 
specificily has not been shown. Sussman (1951) showed diverse lepidopterans were infecced 
by the same strain of A. flav11s and· isolates from one crop typically can infect and 
conr.aminace other distantly related crops (Schroeder and Hein. 1967; Brown et al .. 1991). 
Similarly, the life strategies of strains causing aspergillosis in poultry and humans are clearly 
not direcced at specifically exploiting those hosts. Different crop associations of A. 
parasiticus and A.jlavus strains may reflect either as yet undescribed adaptations to specific 
hosts or other<;lifferences in ecological adaptation and life strategy (Moss. 1991) (see above). 
Many adapta1ions in this group relate to aggressive saprophytism at elevated temperature and 
under relatively dry conditions. As pathogens. these fungi generally exploit wounded or 
stressed hos1s and avoid taking on host defenses directly, although A.jlavus does elici1 plant 
defense mechanisms (e.g. enzyme produc1ion and phy1oalexins) (Mellon. 1991.1992). Still, 
healthy and non-compromised hosts (both phuus and animals) can be infected (Barbesgaard 
et al .. 1992; Pitt et al .. 1992). Infection of healthy plant pares in the absence of symptoms 
may occur regularly, even if these infections do not include invasion of living host cells. 
Indeed. through serial isolations. systemic plant infections by A. jlavus group strains have 
been observed in com. peanut and cotton (Klich e1 al., 1984; Pitt er al .. 1991: Mycock e1 al .. 
1992). 
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Influences of Agriculture on Fungal Populations 

Fungal Population Structure. Populations of A.flavus group fungi are complex. All 
species within the group may occur on the same crop or in the same field (Schroeder and 
Boller, J 973; Davis and Diener, 1983: Cotty, 1992b). The greatest infonnation on population 
structure is available for A.flavus which is composed of numerous vegetative compatibiliry 
groups (Papa. 1986: Bayman and Cotty, 1991) (Figure 5). Populations are complex at every 
level with multiple strains occupying gram quantities of soil and individuaJ croP pieces. VCG 
composition of the population infecting a crop does not necessarily reflect the VCG 
composition of the population within the soil in which the crop is grown (Cotty, 1992b). 
Furthennore. during crop production new resources for A. flavus to exploit become available 
and population composition may change very rapidly (Bayman and Cotty, 1991; Cotty, 1991b, 
1992b); apparently these fluxes in population composition are driven by establishment of 
relatively rare VCGs on newly available resources. There is little infonnation ·on A. flavus 
group populations in the absence of agriculture and little infonnation on fungal community 
responses to agricultural methods (Zak, 1992). However, it is clear that cultivation disturbs 
and homogenises the soil environment in which these fungi reside and in so doing must 
disperse conidia. sclerotia and colonised organic matter. At the same time both cultivation 
and crop development create immense.resources for fungi to use. Although disturbance 
generally results in decreased species richness and heterogenciry, this sudden abundance of 
resources during environments favouring the A.jlavus group may pennit noncompetitive strain 
coexistence (Zak. 1992) and a temporary increase in the diversity of strains exploiting 
panicuJar resources. 

Selection of Fungal Strains. The A.jlavus group is broadly distributed but. in the 
absence of crop cycles, A.flavus group populations are generally maintained at relatively low 
levels (Angle et al., 1982: Shearer er al., 1992) and in the absence of a conducive 
environment. A. flavus populations also maintain low levels on crop resources (Griffin and 
Garren, 1974; Shearer er al., t992). Thus, during conducive periods, there is a potential for 
crops to exen rremcndous influence on strain growth and selection. Strains infecting crops a.re 
diverse in many characters including type and nunlber of sclerotia. toxin producing ability, 
VCG, and even virulence to plants. This diversity among infecting strains suggests that 
agriculture does not aggressively select specific fungal types. However. a Jack of requirement 
for aflatoxin production during crop infection and during fungal increases on crops (Cotty, 
I 989a) may pennit disproponionate increases in atoxigenic strains (Bilgrami and Sinha. 
1992). Funhennore, the imponance of aerial dispersal to spread through a crop may cause 
the high sporulating L strain of A.flavus. to outeompete the low sporulating S strain during 
secondary spread in the canopy. An as yet unknown specific strain-vector association could 
also pcnnit strain advantage. Cropping process. crop types. geography, and/or climate may 
select ccna.in srrain types (Shroeder and Boller, 1973; Lafont and Lafont. 1977: Wicklow and 
Cole, 1982: Shearer et al., 1992). However, multiple-year experiments with more rigorous 
design are needed to reliably establish such selection, if present. Studies should also utilise 
strain identification methods that are more specific than ability to produce either toxins or 
sclerotia. Vegetative compatibility analysis has been shown to be useful for monitoring the 
behaviour of specific strains over both time and space (Cony, 1991b, I 992c) and we recently 
found differences among cotton producing areas in the proportion of A. flavus isolates 
belonging to the S strain (Cotty, J992b). 

Crops might exen different influences on popuJ:itions by exposing strains to either 
different substrates or resistance factors. Crop components for which contamination is a 
concern (i.e. nuts or kernels) do not excn the only nor often the major influence on 
populations: other parts (i.e. leaves. stems, floral pans, cobs) may play a greater role in 
forming and maintaining the overall population (Zummo and Scott, 1990; Kumar and Mishra. 
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1991). Perennial crops (i.e. rree nuts) may maintain and select strains on perennial pans and 
long season crops (i.e. cottonj may provide longer periods of increase and shoner periods 
between crops than shon season crops (Ce. com). The nature and magnitude of plant debris 
and it's successful survival between croppings may be an important determinant of population 
structure and magnitude (Jones, 1979; Zummo and Scou. 1990). A. j]avus can colonise very 
large proponions of plant debris associated with crops and this debris can yield la.ige 
quantities of conidia (Ashwonh et al .. 1969; Scephenson and Russell. 1974). Variation among 
crops in insect mierotlora may also influence the composition of fungal populations. This 
phenomenon might occur due Jo differences in herbivory or variability among insect hosts 
in both life cycle and susceptibility to fungal strains. 
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F'igurc 5. Diagramm:uic rcpresen1a1ion of 1hc vcgetaiivc comp:uibility group (VCG) composilion of a 
single agricul1urol fieltl. Mlll'ker frequency indicates tile relmive incidence of the represcnied VCG wilhin 
the ficltl. Marker shape does not refie.::t morphological differences among VCGs. Only VCGs that make up 
grea.1er lhan rwo perccm of the population arc represented (Bayman and Cony. \991 }. 

Adaptive Value and Ecological Significance of Af1a1oxins 

Through their effects on agriculture. aflatoxins prove to be "non~nuoitional chemicals 
conrrolling the biology of other species in the environment," Torssell's (1983) definition of 
secondary metabolites. A chariicteristic of secondary metabolites is a principally unknown 
function (TorSsell, 1983), however, consideration of the adaptive value of aflatoxins is 
appropriate when discussing internctions among aflatoxins, Aspergillus, and agriculture. 

Protection of Survival Structures. High concentrations (3 mgkg·1 to· 132 mgkg·1 

aflatoxin · B1) of aflatoxins occur in both conidia and sclerotia of aflatoxin-producing strains 
(Wicklow and Cole, 1982; Wicklow and Shoiwell. 1982; Cotty, 1988). The presence of 
aflatoxins in sclerotia has received the most attention bec!J.use sclerotia are long term survival 
structures and aflatoxins are highly toxic to a variety of predators of fungi, especiaUy insects 
(Wright et al.. 1982; Willens and Bullock. 1992). Sclerotia of A. flavus group fungi typically 
contain an extensive array of other toxic metabolites in addition to aflatoxins (Wicklow, 
1990). Some of these metabolites are not found in other fungal structures and in combination 
with aflatoxins these toxins may form an elaborate chemical defense system directed al 
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protecling sclerolia from insec1 predation (Wicklow, 1990: Dowd. 1992). Indeed kojic acid, 
a metabolile of most A. fl av us SO'ains, can synergistically increase the 1oxici1y of afla1oxin B1 

10 caterpillars (Dowd. 1988). 
Long term survival for A.flavus group propagules requires resistance to degradation 

by microorganisms during conditi6ns (wet and/or cool) not conducive 10 successful 
competition by A.flavus. Bacteria are active under these conditions and, although afla1o;pns 
are not very inhibit0ry to fungi, they do inhibit many bacteria at concenO'ations presen1 in 
sclerotia (Burmeister and Hesseltine, I966, Arai er al., 1967. Angle and Wagner, 1981). 
Aflatoxins even inhibit certain known bacterial antagonists of A.fla1'us (Kimura and Hirano, 
1988). However, pure aflatoxin B1 is rapidly degraded in diverse soils (Angle, 1986). and 
thus to have long term effec1s, aflatoxins may themselves have to be shielded from 
decomposition. a condition possibly provided by the sclerotial rind (Willetts and Bullock. 
1992). 

A.flavus strains which produce sclerotia may either produce aflatoxins or not (Bennett 
et al.. 1979: Cotty, l 989a). Funhermore, sclerotia of the same strain wilh differing aflatoxin 
con1en1 can be produced by growing sclcro1ia on different substrates (Cotty, 1988). Sclerolia, 
from mul1iple sources, with different aflat0xin contents could be evaluated for longevi1y in 
field soil. resistance 10 microbial degradation, and insect predation. If aflatoxins conaibu1e 
to the defense of sclerotia, some level of correlation be1wcen aflatoxin content and sclero1ium 
resistance should occur. 

Association with Sclerotia. A relationship between sclerotia and aflatoxins has been 
repea1cdly suggested (Mehan and Chohan, 1973; Sanchis er al .. 1984). This is not a 
straightforward relationship because, in virro, certain fungal strains produce aflatoxins bu1 no! 
sclcrotia and vice versa (Bennett er al.. 1979). The situation is further complicated by 
attributing quantitative differences in 1oxin producing ability to 1he tendency of a strain to 
produce sclcrotia (Mehan and Chohan, 1973: Sanchis er al .. 1984). These differences. 
probably reflec1 differences among phylogenetically diverged groups which may be iden1ified 
less ambiguously by sclerotial morphology (Cony, 1989a). However. in so-ains 1hat do 
produce both sclerotia and o.flatoxins, there appears· 10 be an interrelationship between 
regulalion of af1atoxin biosynthesis and regulation of sclerotial morphogenesis (Couy. 1988). 
This is sugges1ed by: A) association of increases in afla1oxin production with inhibition of 
sclero1ial maturation when cultures are exposed to either acidic pH or fungicides which inhibit 
ergosterol biosynthesis (Cotty, 1988: Bayman and Cotty, 1990); B) coincidence of sclerotial 
maturation wilh cessation of aflatoxin production (Cony, 1988): C) high aflatoxin content of 
sclero1ia (\Vicklow and Cole: 1982, Wicklow and Sho1well. 1982: Couy. 1988); D) possible 
O"anspon of aflatoxins from mycelia into sclerotia (Cotty, 1988: Bayman and Couy. 1990). 
These observa1ions suggeSI that sclcrotium maturation is associa1ed with· a signal 1hat 
1ermina1es afla1oxin biosynthesis. Delays in sclerotial matura1ion may thus delay 1he 
termination signal and be associated with increased aflatoxin concentrations . 

The Interrelationship between sclerotial morphogenesis and aflatoxin biosynthesis is 
supponcd by recent advances in our unders1anding of the molecular biology of afla1oxin 
production. During characterisation of genes involved in afla1oxin biosynthesis. influences 
of SPC?ific genes on both biosynthesis and morphogenesis has been observed (Skory er al .• 
1992). However. as Skory er al. (1992) point out, it is not clear whether this relationship is 
a direct influence of either af1a1oxins or afla1oxin precursors on sclerotia or a regulatory 
association. The recen1 isolation of a putative regulatory element (apa-1 /that influences both 
processes (Chang e1 a/., 1993) also corroborates .the relationship. The suggestion of Skory 
et al. (I992), 1hat aflatoxins themselves may serve a rcgulaiory role during sclerolial 
developmen1. is in1eresling in light of the ability of aflatoxin B1 to directly bind DNA 
<.Muench er al .. 1983): a regulatory role for aflatoxins in mature sclerotia is also possible. 
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Accumulation of Anatoxins in Substrates. Aflatoxins are a concern in agriculture 
because large quantities can accumulate in cenaln plant materials. This accumulation may 
be a survival adaptation directed at either preventing ingestion of infested seed or inhibiting 
competition (Janzen. 1977: Bilgrami and Sinha, 1992). However, large quantiti.es of 
aflatoxins are not accumulated in many plant pans in which the fungus increases and is 
maintained (Griffin and Garren, 1976; Takahashi er al .. 1986), and A. fiavus is not very 
efficient at either degrading aflatoxins or convening them to use (Doyle and Manh. 1978). 
Many strains of A. j7avus do not produce large quantities of aflatoxins (Davis and Deiner. 
1983) and when grown with other microbes (wltich is common in nature) toxin production 
is greatly cunailed (see Strain Isolation and Accumulation of Aflatoxins). Indeed, it might 
be argued that most materials in which A. jlavus grows and is maintained, are not 
contaminated with large quantities of aflatoxins. If accumulation of aflatoxins in plant 
substrates is a directed fungal strategy, it is a very inefficient one. Accumulation may be 
inadvcnent, caused by interference with sclerotial morphogenesis (Couy, 1988). Export of 
aflatoxins from producing _cells (Shih and Manh, 1973) might be directed at creating 
accumulations in the sclerotial rind (Willetts and Bullock, 1992). Accumulation of aflatoxins 
intracellularly and in.dead cells of the sclerotial rind is testable by histological techniques. 

Microbial Interactions and Aflatoxin Biosynthesis. Anatoxin biosynthesis is readily 
inhibited by microbial competition. Many microbes interfere with aflatoxin production in 
culture (Kimura and Hirano, 1988: Roy and Chourasia, 1990) and in crops (Ashwonh et al .. 
1965; Ehrlich et al .. 1985). Even A. jlavus and A. parasiricus strains and/or mutants which 
do not produce aflatoxins can interfere with aflatoxin production and/or crop contamination 
(Ehrlich, 1987: Cotty, 1990: Brown et al .. 1991). Interference apparently occurs through 
competitive exclusion (Cotty er al., 1990a), produccion of interfering compounds (Shantha er 
al .. 1990) and/or compecition for nuoienis (Cotty et al., 1990a). Isolation of aflatox.in­
producing strains from interfering strains is thus prerequisite for accumulation of high 
aflatoxin concentrations in crops (Bullerman et al .. 1975; Roy and Chourasia, 1990). 
Isolation may occur spatially, as occurs in laboratory tests on sterilised substrates, or 
physiologically, usually when temperature or substrate moisture or composition favour 
dominance of A. jlavus. Strain isolation may be one mechanism through which both 
wounding during crop development and high temperature favour very high toxin levels; rapid 
wound colonisation with aggressive·invasion of developing tissues may pennit such fsolation. 
If isolation of toxigeitic strains is inadequate. poor aflatoxin production will result even 
though conditions favour growth and reproduction of the inciting fungus (Bu!lennan et al., 
t07'i\ 

Interactions with Hosts. Aflatoxins are toxic and excn several physiologic effects 
on most hosts of the A. fiavus group including plants, insects and mammals (Robens and 
Yendol. 1971; McLean er al .. 1992: Robens and Richard, 1992). Aflatoxins may thus mediate 
pathogenesis either as a detenninant of strain pathogenicity or by increasing strain virulence. 
Several lines of evidence suggest that this is, at least. not always the case. Even though very 
high toxin levels have been detected in plants (over 500 mgkg. 1) (Lee er al., 1990)) and 
insects (over 13 mgkg' 1

) (Ohtomo er al., 1975). A. fiavus group isolates from insects, 
mammals. and plants may either produce anatoxins or not. Funhennore, isolates which do 
not produce toxins retain ability to cause disease in the evaluated hosts (Cotty, 1989a: 
Drummond and Pinnock. 1990). In insects, aflatoxins may serve as virulence factors, 
increasing the rate at which in.fected insects die (Ohtomo et al., 1975). However, the ability 
of A. fiavus to infect and invade insects appears to be more dependent on -enzymatic 
degradation of host proteins and cuticles (Sussman. 1952: Chamley, 1989). 
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Consen-ation of Anatoxin producing ability. The A. jlavus ·group is a mosaic of 
numerous scralns dellmited by ii vegetative incompatibility system (Bayman and Cotty. 1991). 
These sirains appear to evolve. at least in general, as clones (groups of identical organisms 
descended from a single common ancestor by mitosis) (King and Stansfield, 1985). These 
clones may move rapidly from rare to frequent depending on opportunity (Bayman and Cotty, 
1991). The importance of a given trait to strain success may be viewed both by the diversity 
of strains expressing that trait and the frequency of the expressing strains. Consistent 
expression of a trait by diverse strains may indicate that trait is beneficial in multiple niches 
or that it has use in a broad ecological niche. The tendency to produce aflatoxins is highly 
variable wiUiin the overall A. flavus group. However, toxin production is more consisten1 
among strains which are more closely related on the basis of morphological, physiological, 
genetic, or molecular characteristics (Domer et al., 1984; Saito er al .• 1986; Cotty. l 989a: 
Moody and Tyler, 1990a,b; Egel and Cotty, 1992; Bayman and Cotty. 1993). Thus. we can 
associate conservation of toxin production over evolutionary time with certain clusters of 
scralns and Joss of toxin producing ability with others. These observations may lead to new 
insights on potential adaptive values of aflatoxins as we learn more about the basic biology 
of the various clusters. Aflatoxigenicity is highly conserved among most wildtype strains of 
A. parasitic11s and A.jlavus strain S (Domer er al.. 1984: Cotty, l 989a). Aflatoxin-producing 
ability is readily lost in culture and thus. conservation among field isolates of these 
evolutionarily diverged clusters implies a strong selective force causing retention of aflatoxin­
producing ability. These clusters may share a common use for aflatoxins or may each have 
different uses. S strain isolates are more closely related to L strain isolates than to A. 
parasitic11s (Egel and Cotty, 1992: Bayman and Cotty, 1993). Apparently divergence of the 
L and S strains is relatively recent compared to divergence of A. flavus and A. parasiricus. 
Unstable toxin production (Boller and Schroeder, 1974:"Clevstrcim and Ljunggren, 1985) and 
reduced toxin producing ability are characteristics of the L strain (Cony: l 989a), and Bayman 
and Cotty (J 993) found that low toxin producing strains within the L strain are more closely 
related to atoxigenic strains than to highly toiigenic strains. Thus, atoxigenicity apparently 
can be a multistep process in this group and for at least one of the ecological niches to whieh 
the L strain is adapted, aflatoxins do not confer an imponant advantage. Aflatoxins do nol 
increase fungal virulence to crops (Cony, 1989a) and atoxigenic A.flavus strains have been 
associated with aerial crop parts (Bilgrami and Sinha, 1992): A. parasiricus (Davis and Deiner 
1983) and S strain isolates have been associated with a soil habitat (see Diversity of 
Ecological Niches). Thus, the soil environment may favour c·onservation of toxin production 
and the aerial environment may not. 

Jn addition to high aflatoxin production, reduced virulence to plants is also associated 
with the S strain of A.flavus (Cony. 1989a; Cony er al .• 1990b). Reduced virulence stems 
from failure to produce the most activeA.flavus pectinase (Colly er al., 1990b: Cleveland and 
Cony, 1991: Brown er al., 1992). Low virulence, stemming from reduced ability to decay 
and colonise plant tissues (Brown er al., 1991) may imply adaptation to a niche where such 
traits are not essential. Thus; high aflatoxin producing ability is associated with strains 
adapted to ecological niches where infection of crops is probably not essential. 

Accwnulation of large quantities of G aflatoxins by A. namius, A. parasiticus, and 
certain S strain isolates (Hesseltine et al .. 1970; Domer et al., 1984: Saito et al .. 1986: 
Kurumiin er al .. 1987), but not by other A. flavus isolates, provides an additional puzzle. 
Unique activities have not been associated with G aflatoxins. Therefore, it's difficult to 
envisage selective advantages conferred by retention of G aflatoxin producing ability. 
Production of G aflatoxins may me~ly reflect slight differences in pathway regulation 
(Bhatnagar er al .. 1992) or retention of an ancestral trait. 
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SELECTION OF ASPERGILLI ASSOCIATED WITH AGRICULTURE 

Strain Selection in the Past 

A. flavus group populations have generally been altered by agriculture th'rough 
disruption of habitat and introduction of nutrients. Production of crops under environmental 
conditions conferring a competitive advantage to these fungi permits their rapid increase on 
crop resources (Griffin and Garren, 1976: Lee et al .. 1986). After cropping. large quantities 
of crop remnants and debris arc incorporated into field soil: adclitional remnants remaining 
after crop processing (from saning, ginning, paring. shelling, etc.) are also often incorporated. 
This organic matter may both be superficially associated with large quantities of A. flavus 
group propagules and heavily colonised (Stephenson and RusscU, 1974~ Griffin and Garren, 
1976). Undcrcondilions panicularly favourable to A.flavus, most organic debris incorpora1ed 
into the soil can be. colonised by A. jlavus (Ashwonh et al .• 1969). Strains associated with 
the crop and debris are diverse and generally not deliberately selcc1ed (Bayman and Cotty, 
f991). Deliberate selec1ion of specific strains with particular characters has been for 
production of enzymes for the European baking industry (Barbesgaard et al .. 1992) and for 
production of traditional fermentation products in the orient (Beuchat, 1978). 

Fungal selection has reduced strain toxicity (Kunzman er al .. 1986) and increased 
fungal traits associated with both product quality and efficient fennentation (Wicklow. 1982, 
1990). Use of these fungi over centuries has inadvenently resulted in the release of large 
quanti1ics of spores and colonised organic debris (WickloW, 1990: Barbesgaard er al. 1992). 
Such strain selection and release may have altered A. flavus populations in the vicinity of 
industries and ·may partly explain strain disaibution (Manabe er al .• 1976). The validity of 
this speculation might be tested with recently developed techniques to characterise and 
compare 'struc1urcs of A./la\·us populations (Bayman and Cotty, 1991, 1993). 

The Potential of Strain Selection 

There are no metho4s for preventing aflatoxin contamination that are both reliable and 
economical. To fully protec1 crops from contamination, procedures must be active in the field 
under hot, dry condi1ions 1hat are no1 very conducive 10 crop development but, often are near 
optimal for A. flavus group fungi. Controls must be effective during both the crop 
development and pos1-maturation phases of contamina1ion cycles. The procedure must fit 
within agriculture's economic constrain1s and for worldwide use, mus! be effective under 
suboptimal storage conditions and with low technological input Furthennore. because most 
contamination occurs in damaged seed (which for many crops either cannot be sorted out or 
must be used) conuols must prevent con1amination of plant pans compromised by either 
physiological stress .or predation. These are diff1cuh requirements for a procedure directed 
at preventing the relatively rare. highly contaminated seed. 

A promising avenue of control, that may meet the above criteria, is the seeding of 
agricultural fields with atoxigenic A. jlavus group strains in order 10 reduce toxigcnicities of 
resident populations (Cotty l 99 lb, l 992a). A.flavus does not require aflatoxins 10 infect crops 
and production of large quantities of aflatoxins in crop pans.docS not increase either strain 
virulence or strain ability to colonise and utilise crop resources (Cony, 1989a). This led to 
speculation that applied atoxigenic strains might outcompete toxigenic stralns during crop 
infection and thereby reduce contamination (Cotty,. 1989a: Cole and Cony, 1990). 
Greenhouse and field experiments in which either developing cotton bolls or developing com 
ears were wound inoculated with various strairi combinations demonstrate the potential of 
atoxigenic strains to reduce conr.aminariOn (80 to 90%) during crop development (Cotty, 1990; 
Brown et al., 1991). Individual crop components arc often coinfected by multiple A.flavus 
strains and couonbolls damaged by pink bollworms are infected by A. flavus strains in 
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multiple vegetative compatibility groups at least 50 to 80% of the time (Bayman and Cotty. 
1991: P.l Cotty. unpublished). Pink bollwonn-damaged bo!ls contain the majority of 
aflatoxins in commercial fields (Cotty and Lee. 1989). Thus. the ability of atoxigcnic strains 
to interfere with contamination in co-infected bolls may be of real practical value. Atoxigenic 
strains reduce contamination by both spatially excluding-toxigenic strains and by compCting 
.for resources required for production of aflatoxins (Cotty et al. I 990a). However, not all 
atoxigenic strains are capable of reducing contamination during co-infection (Cotty, J 992a); 
thus strain optimisittion in co-inoculation tests should be pre-requisite to field evaluation. 

Jn theory. seeding fields with atoxigenic strains relatively early in crop development 
may permit seeded strains to compete with other resident strains for crop associated resources 
(Cole and Cotty. 1990). The seeded strains may thus increa.se in population size along with 
toxigenic strains when environmental conditions favour aflatoxin contamination (Cole and 
Cotty, 1990; Couy, 1992a,c). At the same time, the atoxigcnic strains may compete for 
infection sites. In special environmental control plots, Dorner er al .. (1992) have 
demonstrated that A. parasiticus strains which ·accumulate specific aflatoxin precursors (i.e. 
a native strain that accumulates 0-methylsterigmatocystin and a mutant that accumulates 
versicolorin-A) but not aflatoxins, can interfere with aflatoxin contamination when 
concentrated propagule suspensions are applied to developing peanuts. Applications resulted 
in Jong term (several years) fungal population changes and suppon the use of atoxigenic A. 
flavus group strains in preventing contamination of peanuts. The most comprehensive field 
tests, to date. have been performed on cotton grown in Yuma County, Arizona. This area has 
the most consistent aflatoxin contamination of cottonseed in ihe United States (Gardner et al., 
1974). An atoxigenic strain was seeded on colonised wheat seed (Cotty, I992a) into a field 
of developing cotton, prior to crop flowering (Cotty, 1991b). The distribution of vegetative 
compatibility groups (VCGs) within this field had been determined in previous years, 
(Bayman and Cotty, 1990) and a strain in a rare VCG was seeded. Five months later the 
crop was harvested and the distribution of the applied strain on the crop was determined by 
mutating isolates to nitrate auxotrophy and assessing VCG. Strain seeding resulted in large 
and significant reductions in the aflatoxin cohtent of the crop at maturity and aflaroxin content 
was inversely correlated with the incidence of the seeded VCG (Cotty, l 991b). Similar tests, 
perfonned in subsequent years, also demonstrate that atoxigcnic strains applied early in crop 
development can partially competitively exclude toxigenic strains and thereby reduce 
contamination (Cotty, 1992c}: this early strain application is associated with neither increased 
crop infection nor increased A. j1a1·us populations on the crop at marurity. 

The theoretical advantage of atoxigenic strains of A .flavtts over other microorganisms 
that rnight be used to competitively exclude aflatoxin-producing strains is that atoxigenic 
scrains are apparently adapted to similar environmental conditions as toxigenic strains. Other 
potential agents, such as bacteria (Kimura and Hirano. 1988: Bowen et al, 1992). may be 
inactive under the hot, dry conditions associated with aflatoxin contamination. The use of 
atoxigenic strains seeks to limit neither the amount of crop infection by the A. flavus group 
nor the quantity of these fungi associated with the crop. The procedure merely selects which 
fungi beCome associated with the crop. Thus. crop quality" losses typically associated with 
fungal infection (i.e. increased free fariy acids) will not be ameliorated. Seeding atoxigenic 
strains might not result in increased crop infection because infection is more heavily 
dependent on host predlsposi tion and the environment than on the number of propagules of 
A. flavus. Indeed in three years of tests on cotton, seeding has not resulted in increased 
infection rates (Couy, 1992c). However, under cenain circumstances with sufficiently low 
initial A.fiavus levels and sufficiently high seeding rates, increased infection rates in treated 
crops might be expected. However, A."flavus typically decays predisposed crop components 
that. under different environmental conditions, would be infected by other microbes. Thus. 
these infections probably would not be of a magnitude to cause concern. 

Populations of A. flarus increase on crops very rapidly under conditions favourable 
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to contamination. The ultimate magnitude of the A.flavus group is largely dependent on the 
available resources and the environment. Thus. even in areas with perennially low aflatoxin 
contamination. high A.flavus populations can rapidly develop during droughts {Shearer er a/., 
1992); the composition of these rapidly increasing populations might be partially conq-olled 
by properly rimed seeding. 

A.flai•us group fungi typically become associated with crops in the field during crop 
. developmen1 and remain associated with the crop during harvest. storage and processing .. 

Thus. seeding of atoxigenic strains into agricultural fields prior 10 crop development may 
provide posthazvest protection from contamination by associating the harvested crop with high 
frequencies of atoxigenic strains. Atoxigenic strains applied both prior to harvest and after 
harvest have been shown to provide protection from aflatoxin contamination of com {BroWn 
er al .. J 991), even when toxigenic strains are associated with the crop prior to application. 

Domestication of A.flavus group fungi for seeding into agricultural fields may cause 
some concern over the pathogenic potential of these fungi to humans {Pore er al., 1970). 
Although limitirig exposure of high risk individuals to aspergiUi wi11 reduce infection risk, 
particularly in hospitals. it might be argued that host predisposal is more imponant in 
determining disease incidence than exposure to fungal propagules (Wardlaw and Geddes. 
1992; St. Georgiev. 1992: Rinaldi. 1983). Jn many agricultural indusaies and communities. 
workers and residents respire high concentrations of Aspergillus spores. Clearly such 
exposure is undesirable, but such respiration may occur without noticeable disease. This point 
is panicularly clear for fungal strains used to produce koji and baking or brewing enzymes 
(Barbesgaard et al., 1992). In these indusaies, generations of workers have been exposed 
to very high concentrations of spores throughout their working years with a very low 
Incidence of disease (Barbesgaard er al., 1992). Barbesgaard er al. {1992) argues for A. 
oryzae to be classified as ''Generally Regarded As Safe" {GRAS). partially on this basis. 

Seeding agricultural fields with select fungal isolates can result in A.flavus populaU.ons 
with altered composition. but without increased population size (Cotty, 1991b, Cotty 1992c). 
Thus. seeding may provide the opponunity to improve the overall safery of fungal populations 
by reducing human exposure to aflatoxins through both dietary and respiratory routes {see 
Effects of Aflatoxins on Humans and Domestic Animals). The frequency of fungal traics 
other than aflatoxin-producing ability might also be altered and. in so doing, fungal virulence 
to animals might be reduced or fungal sensitivity to therapeutic agents might be increased 
(Cotty and Egel, 1992). Other fungal traits detrimental to humans or human activities {i.e. 
allergenicity) might also be minimisCd and beiieficial iraits (e.g. ability to decay crop debris 
between plantings) might be maximised. The concept of fungal seeding also applies to fungi 
other than A. jlavus, particularly to other aspergilli. A. fumigatus. a more potent animal 
pathogen than A. flavus, is a very frequent degrader of plant debris {Gandolla and Aragno, 
J 992). Extremely high concentrations of A .. fumigaru.s spores may be associated with 
composting organic matter {Gando11a and Aragno, 1992). It may be possible to selecr strains 
of A. fumigarus. in a manner similar to A. ftavus, in order to optimise both safety and 
decomposition. 

This strategy of seeding fields with select strains of A. flavus has dritwn repeated 
controversy and criticism based on the dangers of A. flavus populations (Wicklow, 1993; 
Kilman. 1993). Howe.ver, the choice presented is not whether or not there will be fungi. The 
choice is whether we will detennine. through deliberate selection, which strains make up the 
popularions. Current agricultural practice does seed fields with very large quantities of 
organic matter colonised with A. flavus group fungi. This material is in the form of crop 
remnants. _gin trash. com cobs, etc. It is common practice to incorporate such materials into 
field soils. This differs from the seeding: Sll'lllegy suggested here in that seeded strains are 
not selected. the quanrity of material incorporated is very large. and incorporation ts not timed 
to give applied strains preferential exposure to the developing crop. 
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Ecological Significance 

The use of atoxigenic strains of A. jlavus 10 control aflatoxin production has been 
hindered bv a lack of information about fungal population biology. In many ways this field 
lags rwentYor thiny years behind comparable studies on animals and plants (Burnett, i983); 
the best-known fungus in this respect is probably Neirrospora crassa (Perkins and Turner. 
1988). Dispersal, change in population structure over time, and natural selection are poorly 
understood in fungal populations. This panly results from difficulty in cracking individuals 
(McDonald and Martinez, 1991). Interactions between conspecific genetic individuals have 
not been widely regarded until recently (Rayner, 1991). Funhermore, sti..Ldies on one group 
of fungi have often turned out to have limited application.to other groups. All these problems 
are complicated in fungi like the A. flavus group -by tremendous reproductive and dispersal 
abilities, the lack of a known sexual stage, parasexuality (Papa, 1984). and mitotic 
chromosomal rearrangements (Keller et al .• 1992). 

Doring tt;e course of experiments discussed here. data has been collected on variation 
in many characters in many natural isolates. Areas have been sampled repeatedly over several 
years and known isolates have been introduced into fields and their survival and dispersal 
foUowed over the course of years; this has not been done with Neurosporo. This body of 
data on how A.flat'US genetic individuals survive, spread. and interact. may tum out to be as 
interesting as the biocontrol strategy it was designe.d 10 suppon. 

One concept in sustainable agriculture is to "srudy the forest in order to farm like the 
forest" (Jackson and Piper. 1989). Undersranding disuibution. variation. and competition in 
fungal populations in nature and agriculture may lead to successful use of this principle. 
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fi,·c strains uf Mp'ergilf11s .floi•u:r lacking the ability tu pruduce aHatoxins were e.~amined in greenhouse tests 
fur the ability to prc~enl o tuxigcnic str;iin from contaminating developing cottonseed wilh aflatoxins. All 
;itn.~igcnic strains reduced conlaminalion when irioculated fnlo developing bolls 24 h prior to th~ to.~igenic 
strain. Howe1·er, only one strain, AF36, w;is highly elfectivc when inoculated simultaneously lfilh lhe 10.~igcnic 
strain. All fhe strains were able tu inhibit aHato.~in pruduction by the toxigcnic strain in liquid femlenlaliun. 
Thus, in vitru acti1ily did not predict the ability of on aloxigeilic strain to pre1·cnt conlaminalion of developing 
bulls. Therefore, strain selection for compctltil"e exclusion lu prevent aflaloxin conluminalion should include 
evaluation of cfficuey in developing crops prior to field .~c\case. At9:dgenic strn\ns wen: olso ch;irocterhcd by 
the abilit)' to convert several aHaloxin precurso<'S into"ollatoxiri B,:.'J'.our olo.~_igenle strain.s fa11ed lo con•·crl any 
of the :11l~t11xin biosynthelic precursors to oflatoxins. However; the slroin (Af36) mosl elJectivc in preventing 
aHatu.xin conlaminalion in developing b-Olls converted oil tested precursors into aflatoxin B1, indicating that 
this slroin made eniymes in the oflatoxin biosynthetic pothway . 

Aflatoxins are toxic, carcinogenic compounds produced by 
Asp,·rgifh1s fla•11s, AspergiITus pom:ririrus. and Aspergilhrs 1101ni11s 
(17, 21). AHatoxin conJamination of various commodities can 
occur as a result of crop infection by one of these fungi. Animal 
and humao health concerns about aH:itoxin·tainted commod­
ities have resulted in stringent regul;itions worldwide on aHa­
loxin content; these rc_gulations on afialosin cOnmmin;ition 
ha•·e a significant international economic impact (26). Alla· 
toxin B, originates from a polyketidc precursor according lo 
rhc following scheme (4, 5): polykctide precursor ...,. nor­
:;olorinic acid...,. avcrantin ...... avcrufanin _,. l'·hydroxyversi­
coloronc-. vcrsiconal hembcctal acclalc ...... vcrsicolorin B...,. 
vcn;icolorin A __,. dcntc1hylslcrigma1ocystin -. stcrigmatocys· 
tin_,. O·mcthylslcrign1alocy.;lin .- aH,uoxin B,. 

Most conlaminatiop of corn, couonsccd, and tree nuts is 
c;iuscd by A. flm11s (17). The incidence of contamin:llion is 
l:!rg:cl)· determined hy the cnvironn1cnl, with prcharvcst cun­
tamination heing fa•·ored under hot, dry conditions (17, 2S). 
Th~ lack of reliable and practic;il methods tn prevent contam· 
ination when cnvironmcntul condition:; arc most conduci1v lo 
A. flan1s ( IJ, 2.SJ ha:; resulted in a variety of new lcchnologic.• 
(SJ. One such technology is the use of atoxigenic strnins of the 
ca11Si1l agent (i.e., strains which do nol prod11cc allatoxins) to 
prevent cnntnn1inntinn through competitive exclusion of 10.~i­
genic s1n1i11s during infcc1ion (6. 10, !:!.).Collon has been used 
as t• n1od~I crop for the d1•vclopmcnl of the ;iloxigcnic strain 
.~tr:otcgy hccausc (i) there exists an c;isily manipulated grecn­
huuse di.1cnsc model /or couon (24), (ii) o!1aloxin conwmina­
lion of cottonseed is an intponant economic problem ( 13, 17). 
and (iii) cottonseed is grown for fr:cd and not food and may 
lhus provide "n casi1•r l;1r1;~l for regul:uory approv:1! of •!loxi­
gcnic stniin u.>c. 

• C11rre.q,,rn<ling amhur. M:1ilini; a<ldr<:><: Suu1h~1n R>gi1m:1I Re· 
~1·:11ch Center. Agricuhu1~I R~1ea1ch Service. U.S. D1•panmen1 of 
Aglicuhu1e. P.O. Du• 19(!,~7. N~w Orkans. LA 7017'1·06$7. Plionc: 
1511~ l 2St.·439l. Fa.,: 15114) lAf,..~~ 19. . 

Although atoxigcnic strains arc known to vary in lhe ability 
to prevent conmmino1ion of couonseed by loxigenic strains, all 
scl'cn strains examined thus for showed some elfec1 (12). Liulc 
else, however, is kno,vn about alo.\igcnic strain characteristics 
-ond the relation of vari~us characteristics to strain efficacy. 

In this study, we compared the atoxigcnic strain with the 
greatest known efficacy (isolate AF36 [12]) with other prcvi· 
ously identified, frequently cited (10, 20, 23) alo.~igcnic strains 
1Vilh respect 16 the ability to prevent loxigenesis both in li11uid 
fermentation and during infection of developing COiion bolls. 
\Ve have also characteriicd the atoxigenic strains according lo 
the ability to produce enzymatic acti1'ities in 1hc anaio.~in 

biosynthelic pathway. Relationships among enzymatic aetil'i­
ties, phenotype s1:1hiliry, and strain efficacy arc discussed. 

L\IATERIALS AND L\IETHODS 

Org~nisms ond media. 'fhc origins and characteristics of lh~ 
A. flr11"11s strains used in this study h;ivc been described ( 11, 20). 
Strain AF'.16 was isolated by the author (11) and sho1rn lo be 
very effective at rcd,1cing aHatoxin conl;iminalion of develop· 
ing conon bolls (12): strains NRRL·591g, NRRL-5565. 
NRRL-5!Jl7, and N RRL-1957 were supplied by S. \V. Peterson 
of the National Center for Agricullural Utiliimion Res~arch, 
Pcori;i, 111. Isolates were maintained and stored a:; previously 
described (11). lnocula for experiments consisted of suspcn· 
!.ions of spor~~ from 7-day-old culture~ grown on S'7o V-8 
vcgctnble juice-2% agar, pH 5.2. al 30°C. 

Greenhouse tests. Greenhouse tests to assess st min efficncy 
were· performed as previously dcscrib,•d ( 12). Twcnly·cigh1-.10 
:>:!·day·old bolls were each inocul;ilcd in a single loculc 
through a sin1ulatcd pink bollworm C.\it hole mad~ with a cork 
borer (3-mm diameter). E:iclt wound wa~ inocul:1tcd will! a 
IU·µ.I aliquot of a ~P~lfC suspcusion containing approximately 
~.000 spores; boll~ in,1,·ul;ited wilh two slrnins received a IO·µl 
aliquot of each strain. Bolls were inucuh11c!I cith1•r with 
lrixigenic strain AF!J alone. with Afl3 and ~n atoxigc11ic 
strain.(either AF36. NRRL·59!S, NRRL·5565. NRRL·5'Jl7. 
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TABLE I. Elkc1s of fr.·e a1oxigcnic ~1rnlns of A. flun1s on 1he 
ahilily of 1nxi~~ni~ >ltain Aflj 10 coniomin;i1e developing 

~011onse~d '-'ilh aHa1oxin B, 

Tc<i I Tc>i ~ 
,\tl'<igcnio 

C\!ncn o{ "n~10,in ~- 'Cuncn or anatu.tn <tt:•in • 
B, (p.~'~l" Ch•n~.:" B, (µs/gr' Ch"n~.!' 

Af)f> "c -9' SB -86 
NRRL-556~ 2JllCB -11 JS A NS 
NRRL-591~ 3~/ CB -5' l9A NS 
NRRL-5917 ~11 CBA NS JOA NS 
NRRL-1957 553 BA NS BOA NS 
Nunc'' 769 A )7 A 

"""I""""' "''"'"~'' .. r r.,o, "!'Ii~"'°' in''"" I ""J <i' wpli<•to' in'"'' !. 
V;1(uc,; {"ll"""J by lite .:1m< lc1ter "'" ""I si~nilk"ntly Jill<tCnl by Fbhct• 
P'"'""'"J k•" >i~nilk.v\I dilkwn<< '<>I, 

" Pct'""' Jitl,•tcn''-" in a11"""'in <"nlont .,{bulls in,>eu1'1t<J "'ith bdlh lu•igcni< 
;1n1I "'°"i~.;nic •ltain.< "nJ b1tll> inu<ula10J wilh lh" lw.i~"ni< slr"in "lono. Nb, 
chan~.: n .. l .<lali>licall~· ,;~ni1\.,,rn1lf'"11.115). 

,. l'l.•nl• "''"' in1r<ubt\•<.l "'ii!> Ibo IU\l~~·ni< >Ir.tin AFl:l al1tn<. 

ur NRRL-1~57) simulrnncously. or wich an aco~igcnic strain 
first and lhcn Af!3 afcer 24 h. Rllndomizcd complete block 
designs were used, und experiments 1ucre performed ac least 
cw ice. 

Al m;1luri1y (3 weeks ;ifccr inocula.cion). bolls were har­
vcs1cd, dried ;11 60"C for 3 d;1ys, ;ind kcpl al room 1cmpcr;11urc 
in pbscic bags containing. silica gel dcsiccan1 until analyzed for 
afiaco~in conlcnl. Afiacoxins \Ucrc cx1rac1ed by the me1hod of 
Che Association of Official Analytical Chemises (33) as prcui­
ous!y modified (!2). Briefly, inmcc locks were pulverized and 
excn1c1cd with an 85o/o aqueous-aceconc solution. The exlracl 
WilS purified, conccncraccd, and applied adjacent co afialoxin 
s1andards on 1 hin-laycr chromatography plates. After dcvdop­
men1, che quan1i1y of aflaco.~in B1 was measured wi1h ;i 

dcnsicomeccr wi1h fluorescence capabilities (33). 
In ;·itro le~ cs and enzyme assays. Erlenmeyer flasks (250 ml) 

containing 70 ml of Che defined growth medium of Adye and 
1'.1aceles {I) wcr~ inocul:ucd wi1 h approximately 5,000 spores 
of cilhcr ~In acosigenic or a luxigenic scrain scparrncly or in 
cornbinaciun. fl;1sk~ were incubated on u rocary·shakcr ac 30°C 
:111d !50 rpn1 fur 5 days, <ll which lime 70 ml of acetone 1u;is 
nddcd lo each fiJsk co kill Che cuhurc :1iid so!ubi!ize secreted 
and cclluh1r afia10.~in. Af1er fill rnlion, equal volumes of wnccr 
were ;1dded co chc cxln1cls. chc rcsuhing solutions were Cilch 
cx11acced cwicc with 25 ml of methylene chloride, and Che 
ex1raccs were combined 1111d c1•apor..11ed co dryncs~. The afia­
toxin B, cu'ncenl of Che cx1raccs was determined by s1ond;1rd 
1hin-l.iycr chrum;olugraphy proccdorc~ as described above. 

Enzyme aclivi1ics were determined by adding known quan· 

cities of allacuxin 8 1 precursors cu fungal cu!1ures and me;isur­
ing conversioil of these precursors lo nfincoxin B, as prcViously 
described (5, 25). ~lycc!ia (I g) of either AF36 or NRRL·59lS 
from 3·day·old cul cures \\<X:re 1ransferrc;d co 10 ml of !uw-sug:1r 
rcpluccmenl medium containing either 2.0 µg nf nor;ulortnic 
acid, 2.U µg of averancin, 2.0 µg of avcrufanin, !.U µg of 
stcrigmmocystin. or 0.6 µg of O-mclh]'!scerigm;1cucyscin. After 
6 h of incubation ;11 ISO rpm and 37"C, mccabulices were 
extracted and analyzed fur ;ifi;i10.~ins. Pre;'ursnr sland;ird.c 
were chromacographed on Che s;1mc places 11:1 exlr<1c1s cu 
esrnb!ish Che presence or ;ibsence of spiked pre~ursurs. 

RESULTS 

D.-vcloping co econ bolls inoculated simuh;ineuusly wi1 h bucll 
aco~igenic strain AF36 and coxigcnic s1rain AFlJ C1111tai11ed 
significunc!y less aflacoxin B1 ac mucuricy ch.111 bolls inuculaced 
with AFl3 alone (Table !). During chc present s1udy, s1nii11 
AF36 was chc only consiscenc!y effective aco.>igcnic scr;iin 
cua!uaced. Over chc past 5 years we have cvl!!u:lled AF3fi i11 
severul similar cescs for various purposes. AB chesc 1c.1c~ 
involved ill lenst two crcatmcncs: (i) bolls were inocu1i11ed wi1 h 
a coxigcnic strain alone and (ii) bolls were inoculated simulw­
ncous!y both with the same coxigenic strain as in crcacmenc I 
and wich AF36. In each of these 16 similar greenhouse ccs1s, 
coiicaminncion by a coxigcnic strain w<is significantly (P = 0.05 • 
by Fisher's !ease significan1 difference cesc) reduced by AF36 
(an average reduction of 95.3%,wich a swndard deviation of 
5.5%). Two acoxigenic slrains'(N~RL·5917 and NRRL·l957} 
were Consistently inelTective at rCducing concaminnlion when 
simu!cuneously inoculated with Co:o;igcnic strain AFl3 (Table 
I), whereas cwo ocher s1rains (NRRL·5918 and NRRL-5565) 
were effecciuc in only one lest. Over Che past,3 years, strain 
NRRL-59!8 was further evaluated in an additional three 
simi!;ir greenhouse tests in which it was not effective. In liquid 
fcrmencacions, however, ato:o;igcnic strain NRRL·59J8 greatly 
reduced toxin production by coxigenic s1ruin AFl3 (Table 2). 
This outcome held for chc single ccsc in which all five a1oxigcnic 
strains were tested and in both ccscs in which strains AF36 and 
NRRL-'5918 were tested. 

\Vhcn developing couon bolls were inoc11!accd first wich an 
;iloxigcnic scrni.n and chcn 24 h Inter wich a coxigcnic strain, ;ill 
chc alo~igcnic strains \UCrc effecclve ac reducing chc co.~in 
con1cnc of seed nc macuricy compared 1uilh bolls inocuhucd 
wilh a to.xigcnic scrain alone. Usually, bulls lrcaccd with ;in 
acoxigcnic scr;1in 24 h prior lo crcatmcnl wi1 ha coxigcnic scn1in 
contained no dcceccablc co.~in ac mncuricy (Tuble 2). 

Two acoxigcnic strains were char;occcrizcd by chc ability lo • 
remove aflacuxin B, prc<:ursors from spiked cuhurcs anll 
cun1·crc lhese precursors lo ufh11ui;in B ,. Scrnin AF36 remol'Cd 

TABLE 2. lnnucncc of 1t1·0 a1uxi:;~ttiC >Bain< uf A. }Att\\!f on 1oxin produc1ion by 1oxigcnic Sltain Af'lj in eullurc nnd in dcvclnpin,g 
cttllon bolls 

Atu<lgcn01 
rtr;•in 

AF3h 
:-.'RRL-S'JI$ 
t-;une 

In tul1urc 

Cun<n <>{ ,n"1u<in B, 
lµ~gr 

7B 

''" 2WJ A 

Simultan<Uu• fnt.,ula1iun 

-')7 
-9$ 

C11ncn ol an•1<nin B, 
(µs/~Y' 

50 
JS~ A 
Jll<JA 

-9~ 

+2~ 

Pt ill< p~ h) in0<ul>tiun ur b<>lh witb 
"l1t>l~enlc >t<a'tn 

C onon or• n.1t1t>in B, 
fri:tsr 

HD 
HD 

/rr<JA 

- llltl 
-1011 

" V~lu,·• '"" ;"""'~"' 11r f•'"' t<pl.-a1c<. V•rluc., {ollu .. ·od ~!' lhe lantc ktler in th" H<n~ culumn arc nol si~nilk:>n1ly Ui~"' onl hr Fi<hct ·, P"t1,•c1eJ l"»I st~nilk"nt 
Ji~"'""" le>I. Fl•1k1 ;1ni! cuttJn 1'%lll• in(l<•ulJl,•J wit It <ilhct NllRL·5'l 1.'l "' ,;F.1h :dun" c .. nr,in"d n" dete<tahl.: le<•I< of on"""in B, llintil ur <kt«I iun, Ill n!!'~l­

' Pcrcenl <.lilkrcn<e in an>l\\<i1t '"""nl Nt"""" lt<:<tment< wit~ th< h"i~oni< >lt.<in """'" "rul 1rc:t1n«:nt> "'ith b<<t!> l<"l~eni< antl ~tU>i~nl< "':tin•. 
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TABLE .l Convcr.;ion of aftnto.~in pre~ur.;or5 IU a!luto.~in.\ by 3· 
day.old cul lures of A. flnnis AF36 

Amo ol Ami o{ Ami ~l. 

" Pro<u"'"" pr"cursor 0Ha1<i.in •HalO•;n Con•·c,.iun" 
ll'Sl e, 1 .. g1 13, 1 .. ~) 

None ND'" ND ND 
N11r.;i>lorinic acid 2.0 fl.2~ 0.03 " ,\,·crnn1in 2.11 0.3J 0.05 " A\·cruf.inin 2.0 O.J I 0.12 " S1cri_~mmocy.4in <.O 0.45 ND '-' 
0·1'k1hyh.t erigm"l"C)''Iin '·' O.:E ND 58 

• Em:h p"--.:uri<ir "'"~(cd in IO .,I <>I accl<>nc !>l I gof 3.,J;y«lld lun~al m)'c-.:li:. 
•n 1,1w<1a~:" rcpl;ccmcnl me<Jium. Alier b h til incub.ioiun ol lTC an4 ~i•h 
'"IU-lan• i.lrnling '" IS!I rpm. mclah<>lilcs wore t•iracocd an.\ on.•lp.:J for 
'<llai.,cin>. r-,·u c>ln,~rMun "'"~dc1.:c•ccl ,..;,n 'lr.>in NRRL·591:l. 

'' Elli<icnc)' ~t~un•·c"iun <>I me1aboti1c;. ltl an:u<>.<in e,. 
•'NO. ""nc dolccocd llimil ol dclc'"(li!'n. lit ng). 

;ill tested precursors from cultures and convcrled these lo 
11flu1oxin B,. Conversion efficiency increased with precursor 
closeness to ufl,1toxin B, in lhc aflalo.~in biosynthctic puthway 
(Table '.I). Strain NRRL-5918 did not remove any tested 
precursor from cultures and failed lo produce aflaloxin 8 1 in 
all spiked cuhurcs. When no conversion of an introduced 
precursor was observed, greater thun 70% of lhe precursor was 
recovered. 

DISCUSSION 

Application of atoxigcnic strains of A. jl11n1s 10 agricultural 
fklds and crops has been suggested as a poleotial method for 
preventing aflatoxin contamination (11, 15, 16). In theory. the 
applied atoxir,cnic strnins will lower the potential for aflatoxin 
con1amina1ion by competing with aflatoxin-producing strains 
(10, 16). To date, field evaluation of this concept has been 
limited. Propagule suspensions of A. pnr11sirii:i.rs strain> which 
do not produce aflntoxins h:ivc been applied to peanuts in 
cn,·ironmenlal control plots in Georgia (18). and autocfa,·ed 
whcu1 seed colonized by an aioxigenic strain of A. flo\'!IJ ha.1 
been applied 10 Collon grown in field plots in Arizona (14, 16). 
In those .. audics, strciin applications were associated with both 
fungal population changes nnd reductions in the quantity of 
allu1oxins conl;1minnting the crop ill miilurily. In greenhouse 
;md li~ld 1c.1ts. certain .110.1igcnic slrains·of A. flnvus interfere 
with :1flaloxin contamination of dcvclopin!l crops when lh~sc 
crops ;ire inoculated sin\ultilncously with both 1oxigcnic and 
aloxigenic stniins (6, 12). Collon bolls naturally infcc1cd in 
agricult\1ral fields become infected with multiple A. flnnu 
s1rains at high rutes (more than 50'7e of boll> were infected by 
multiple strain> in one study) (2), ,1nd therefore the ability to 
interfere with cunt;1minatio11 during coinfec1ion might be of 
practical imponuncc. The results reported here indicate th:it 
nnt :ill aloxigcnic strains arc effective al reducing cont;1mim1· 
lion under these conditions. Efficacy during coinfcction should 
be considered un important criterion when selecting Slrains for 
use in preventing aftatoxin contamination in commercial fields. 

The results suggest that aloxigcnic strains which foil 10 
produce ccrtllin enzymes in the aflatoxin biosynthcsis palh"1lY 
(e.g., NRRL-5918) may not be more likely lo reduce conlam· 
inmion by toxigenic strains titan atoxigcnic strains which do 
produ~ lh,·sc enzymes. Indeed, strain AF36, which pruduccd 
m;my of lhc enzymatic acti~ilics present in the pathway but did 
nol produce aflatoxin>, was the most effective atoxigcnic strain 
al rcducinf 00111arni11ation in the present study. 

·All four atoxigenic strains which lacked the ability lo inhibi1 
ilflalo.~in conrnmination of collonsccd when inoculated simul· 
l;ineously with 10.~is;cnic slrilin AFl3 did interfere wi1h con· 
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lamination when inoculated 2J h before the toxigcnic s1rain. 
These strain~ may thus be useful in aflatoxin control strategics 
seeking: lo competitively exclude loxigcnic strains prior lD crop 
infection. providing that strain displacement i> ccry efficient. 
J-!oWe\-er. because of poor compcti!ive ability. nioxigcnic 
strains may foil lo prevent a!1ato.~in production hy a lo.~igcnic 
s1rnin during coinfcction of developing crop>. 

Atoxigenic strain AF36 significantly reduced a!1atoxin con­
tamination of developing cottonseed in all tests. Howc~cr. in 
one test, even thooE!"h the aflato.xin cont~·nt of the• seed 111 
maturity was reduced- by 94%, the seed still cont,.incd 45 µ.£:of 
aflatoxin B, per g (Table I). Thus. crops e~i::ioscd to conditions 
highly conducive lo afl~toxin contnminalioii m"}' contain on· 
acccplabl~ contamination levels even when cfkclivc dose~ of 
atoxiJ!enic strains arc applied. However. in most case;. a 90~'~ 
reduction in contamination will result in a commercially useful 
cottonse~d crop. 

Strain NRRL-5918 in1erfercd with aflnto.~in production 'by 
toxigenic strain AFl3 in liquid fermentation but not during 
infoction of dc,•cloping cotton bolls. Similarly, anthraquinonc­
accumulaling mutants of A. pnmsilicus (19), non-aflatoxin· 
producing species of the A. f111nis group (32, 34), and many 
other fungi (30) interfere with aflatoxin production in culture. 
The failure of NRRL-5918 lo inhibit contamination durine 
coinfection of developing Collon bolls indicates that in vitrO 
intci-fcrcncc with aflatoxin biosynlhcsis is not necessarily re­
lated to the ability lo inhibit in vivo. Indeed, lhese results 
suggest that the mechanism of ii"! vitro inhibition of aflato.~in 
biosynthcsis may differ from lhal ?fin vi-·o inhibition. 

Ce!lain atoxig:enic strains of A. jf11l'trs arc known ·10 be 
unstable and to convert to a highly tori genie phenolypc (9, 31). 
The stability of the aflatoxin-producing phcnorype muy be an 
important consideration in selecting Strains for use in stralc· 
gics lo prevent afiatoxin contamination through intraspecific 
competilion (6. 10). Neither phenotype described here can be 
corn;idcrcd more stable on the basis of current information, 
and each might result from a single mulaliOQ. 

StrJins NRRL-1957, NRRL-5565, NRRL·5917. and NRRL-
5918 \\"Cre previously shown to lack the ability 10 convi.;rt 0-
mcthylslerigmuiocyslin and sicrigmatocystin lo afl:itoxin B, (23). 
The results presented here confirm those results. However, in the 
s:imc report, Lee (23) suggested lhal production of aA:uo.xin 
biosynthesis enzymes by an aloxigcnic strain is characteristic only 
of atoxigcnic ~rains generated in the laboratory and that such 
eniymc·produCing strains are not sl,\h!c and may convert 10 :1 
to.1igcnic form on introduction lo a crop. Lee further suggested 
I hat these con,·ertcd strains mi~ht cause a net increase in aflatoxin 
conrnn1ina1ion. The results of"ihe present study show that thi~ i~ 
not the case. Strain AF36, which produces ,1flatoxin biosyn1hctic 
enzymes. was isolated from an agricultural field and consistently 
reduced contaminatioo of dcv.cloping cononseed by 1oxigcnic 
s1rains. lvlorcover, AF36 has been phenotypically stable lhroush 
lice serial siogle conidium lrJnsfcrs and in numcrou~ mas~ 
transfers in our laboratory (data not shown). 

The mechanism~ of aloxigcnicily of a!I five atoxigcnic strains 
remain unknown. None of the esamincll strains accun1ublc 
large quantilics of either anlhrnquinonc or xanthonc precur­
sors.of aflaloxins, as do certain aloxigenic strains of A. p11n1-
silic1u (3). This is expected because although atoxigcnic A. 
Jlai·us s1rains arc much more common lh:in 11toxigenic .-f. 
punisirfrus strains, nalural!y occurring precnrsor-.iccun\ulating 
strain.I of A.jlrw11s have not been described (3). Genes affecting 
aflato.(in biosynthcsis occur in scvenil li11kiigc groups (27) . .ind 
it is unknown which genes or !JCnc dusters arc lacking in 
NRRL-591 &. However, if there is n reJJul:ilory gene controlling 
o,·.:r.111 e~prcssio" af the iiflaluxin hiosynlhctic cntymcs, as l\:1s 
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been pos1ola1cd (7, 21, 29), a lesion \n that gene coo!d explain 
the failorc of NRRL-S9!8 lo prodoce pathway enzymes. 
fl.lotalions \n rcgol:uory loci arc potential explunations for 
a1oxigcnicity of all the examined struins. Strain AFJ6 converts 
norsolorinic acid, the earliest known af\aloxin prccorsor, to 
aflmoxin Bl' This soggcsts lhnl str:iin AFJ6 either is blocked in a 
slructora! g:enc pri9r to the d.:sccibed 1l9Mion of th.: pathway or is 
mululed Ma regulatory locos governing incorporJlioo of ace lute 
units into lhc ufla1oxin polykc1idc skel.:1on. The mechanism of 
;ilosi~<cnicity of AFJ6 ck.ir!y dilTcrs from thal of NRRL-5918. 

AF36 and similar strains m:iy prove to be uscfol lools in lhe 
stody of llfluto.tin biosynlhcsi.> bcc:.iose AFJ6 prodoCl!S more 
enzyme activities in the :ifluloxin biosynthclic pathw:iy. lhan any 
of the prcvioosly itknlificd atoxigcnic strains of either A. fl~11rs 
or A. pr1n1.1·iricns. Thus, AF3ti muy focilit:.ile the idenlifi\'(llion of 
new all:noxin prccorsors in feeding stodico i1s we\l llo focilitme 
.>todie.~ of po1.:n1ial in1en1c1ions between v:.irioos :.iflatoxin 
prccorsocx. The ose of AFJ6 in soch studies may prevent the 
oceorrcn~'C of nnifacls c~oscd by model systems osing onusoal 
media to re~tcict toxin prodoction in the prc>cncc of pathway 
enzymes (35) nnd may aloo prcclodc the need for radiobbclcd 
prccorsors in feeding stodics whh ollutoxin-prododng s1ruins 
of A. /l111·ns and A. pitrrrsiticns (4, 5, 25). 
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U.S. En•1ironm;:nt;J Prote1=tion A92nr:y 

7.: 0A i-'of'1e > F'"cer;i: F!'lc1stor > :::;: Ye:us > C:,~ \:lcnms > ;:?. Oa•rs > ,::=<_ CJ1tv > .~~cen;ti1us ~;;vus AF2t3 . 
..lf:1endmer.c, , err.i;-crar1 3.ter.cocr-:n ,::1::f:1 tl1e Rer;u1rernent :ii'.) f:::1erancs 

Aspergillus flavus AF36; Amendment, 
Temporary Exemption From the Requirement 
of a Tolerance 
OPP-2002-J093, FRL-7: 32-J.] KIN 2GIO Asper~1iics rlavus A~35; .A.rner.Crnen!. T;:macrcr;r 
2:xemp!ion i=ror;; the Reqi..:1rer;:ent of a Tolerance P..GENC'f. =:n''ircr.rnental Prctec::Cn 
Agency (~?A). ACT!CN: :=ina! rule.-----------------------------------------------
SU1'vtlv1ARY: This regula!Con amends an existing temporary exemption from the 
rec;uiremen! of a ~c!erance ior ;esidues of tr,e atoxigenic microbial pesticide, A.spers;il!us 
flavus AF36 on cotton ccns1stent with !he Experiment£J! Use Permit C9224-CUP-i, whict1 
wd1 now 2!io'N fer a9p!ic2ticr. :o carton in cer:2in countces in .i\n:::on2 .:;nd·Texas. 
inter•egicn2! Research Prcjec: i'!urnber "- (IR---t], en behalf cf \Tie USON AFi:S Sourt:ern 
Regional Research Cer:(er, subrniUed a petition to EPA uncer (he Feoera! Face, Drug. arc 
Cosrnec1c Act (F,C::CCAj, as 2mended °'::Jy the :=ood Quailt; Pfatec::cn Ac: (FQPA) cf '.596. 
rec;i.;esling :he '.erncor21"'/ !c!erar.ce exemotion ~r,er:Cr.:ent. 1:-::s rer;;ulatior: ~iim1;:2tes t:--Oe 
r.eed \O establish a mcx:mur:i ::errnis.s:b!e level for res;cues cf .~soerc1'ilus ilavus ,.;r:30 
The '.emqcrary tc!eranc~ exe~pticn 'Niil expire en Oecenber 30. 2CO~ OAT2:S Th:s 
~egulat:on !S effestive Jui;i- 17, 2002. Ob1ec'.icns 2nd r8c;ues:s fer heenn~s. :oenufied sy 
cccke( iC nur;;ber OP~-2(:02-CO~'.l. must Ce rece:ved ;;y =:?A ~nor before 3ecternCer >S, 
2CC2 .. "'.DC?~SS2:3 11Vr:;cen obiec:;ons ar:C ne2r:n:;; >ec;.;es:s "·2Y Je SLCrninec :iy r>s1!, :n 
;:erscn, or OJ ccurier P•.e.ase foHc"'I ;he Ce!~iled •rs:;uc:!cns fer eac:-. r:-iethcd cs ::rc,11cec 
;n Unit Vl!i cf '.!"",e SUPPl__~:'<!ENTARY !l'tFCRJ\t!AT:Ol'L lo ~sure ::;roper rece:9t b'; ::PA. 
ycur coject1cr.s and neannc rec;•.Jes;s :71US~ identify ::ccke; 1C nLr;;cer OPP-2'JC2.(:0~3 :r 
ti".e :.;ut:iect !ine on tne rirs: Page ofycur 1espcnse. FOR i=URT:-it::R ii'!FOR:\!ATi(),'! 
CONT.~C i· Sy m21I: Shcnaz Bacchus. cfc Proc!uct :V!ana<;er (PN1) SO. Sicpes;iciCes arc 
0 c!iutir.:r. Pr2vert:on Qp11sicr. (7511 C), Envirormentai ,:::irotcction ;..gency, 1200 
.::oer.nsy1ver1a A··1e., :'!',v .. \f/::sh1r.r;tcn, DC zo~sc: te!ephcne rur"'.ber· 703-3C8-8C97, 
;:-rna1I aCCress Oacchus 5hara:lcleca.cov SUPP1_=:!vtE,'tTARY !l'!FORtvtAT!Ol't: !. 
•:Jenera: !r.fcrma::on A. Jces '.:1iS A.c;:cn _;.'.ppiy lo 1Vle7 You n-.ay '.)e affected ~y :r-1s ec::cn J 
'.iOU are en 2-;r:c:.:!!ur2i .:crccucer. for.c marufac;urer, or ;;es::c:ce 1713nufacrurer ?otanna!!y 
2ffectsC ca!egones and ar,u!ies :-nay incluCe. bu< -::re not i1r;l;ted :o 
--- ---------- ---- -----------·----------------------~- -- ----- --- C:x a n:p!es CJf C ategcne$ NA i CS 
caa es pot en ti ally a f:'ec(eC: en nt:es ------------------------------------- --~------------------------- -
indust;y i 11 Croo orccuc(icn 1 (2 Animal prOdllCtion 31 i Focd rne,-ufacrur:ng 32532 
? es tic:Ce man u iac;unng ------------------------------------------------------------ --- This ! is ~tr<; 
:s r.ot inter.dee to be exnaus:ive, bu( r2ther provides ~ ;1J1de :or re2Cers. reg.;rcirg en\i\1es 
iikefy to Ce aif8C:ec by (his action. Other types of entities not :is\ed in the table could aiso 
'.:e affected. The ,'\Jor<h American industrial Cl2ssi'fica!ion System (NAICS) cedes ha'/e 
'.:een ;::roviCeC :o ass:s; you and others !n de<errnin1ng 'vhether ur net this ac:1cf1 rn:ghl 
::wciy to :ert21n enui:es. if yoi.:. ,-ave ques;:cns regarc1r.g ,_.,e apci1ccb:iii',1 oi :n1s cct;cr. :o ~ 
~er.rcutar en11ty, cor:su!; :::e _:ersDn liS(eC c;nder r=OR ?URT~t:R iN;::OR:V!Aii01'! 
C01'1TACT~ 8. Hc•N Can! Get Adcnional !r.fcrmaoon. lncl1J01ng Coc1es cf this Occwrncnt 
anc Other RelateC Occumen!s? i C!ec1rcnccally. You r7'.ay obia1n etec!ron1c co91es :ii :his 
dccun:ent, ar,d cen:a1n otner ra!ated doc:..:men;s that .'l:;i_;ht '.:e B'1ai!abie e!ectron1c2Hy. :rcr.: 
(/-.e CPA •nterr'.e! :-tcrre .<=as;e 3( '"lt'.o:!f'NVV'N eoa -::,o,!I. To access \his [[Fege 468831] 
dccwmer.:, 811 tt',e Hor.-,e 03-::;e se!ec: ··1...:ows enc Regulauons," "'Re-;uiaucns ano 
Qrcpc.sed R'..ltes." arc! '.hen icok LJO \t'.e -Cn(f'J fer th!S CCCl..l!i\er:t .:nCer the "F'=de(al 
Rei,;;1ster--En•1irormental Jccurnen!s." Ycu can also s;o ::'irect!y to ~.'":e Fecer2! Regis:er 
iisc;n~s 3t n;:::i !! 'lvv11,v eoa covifecrcstrf A frequently '-';JC&tec eiec:rcn1c '1ers•cn of ~c CP.::i.. 
::er: 180 !S ~<;e1i2ote at ;,.,:rrt:';,""'""w ec;;ess coo cov/r.ar2.1cfrl 

/ ,, / 
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cfrhtml 00/Title 40/40Cfr180 00 .h1ml, ",;,-"'"'"""";! a beta site currently under 
development. 2. In person. The Agency has established an official docket ior this action 
under docket 10 number OPP-2002-0093. The official docket consis!s of the documents 
specifically referenced in this action, and other information related to \his action, including 
any information claimed as Confidential Business Information (CBI). Interested parties 
should consult both the documents tha! are physically located in the docket, as well as lhe 
documents that are referenced in those documents. The public version of the official 
docket does not include any information claimed as CBI. The public •1ersion ·of the official 
docket, which includes printed, paper versions of any electronic comments submitted 
during an applicable comment period is available for inspection in the Public Information 
and Records Integrity Branch (PIRIB). Rm. 119, Crystal 1\llall #2, 1921 Jefferson Davis 
Hwy., Arlington, \/A, from 8:30 a.m. to 4 p.m., f\llonday through Friday, excluding legal 
holidays. The PIRIB telephone number is (703) 305-5805. 11. Background and Statutory 
Authority A. Statutory Authority Section 408(c)(2)(A)(i) of the FFOCA allows EPA to 
esiablish an exemption from the requirement for a tolerance.(the legal limit for a pesticide 
chemical residue in or on a food) only if EPA determines that the exemption is "safe." 
Section 408(c)(2)(A)(ii) deflnes "'safe" to mean that "'there is a reasonable certainty that 
no harm will result from aggregate exposure to the pesticide chemical residue, including all 
anticipated dietary exposures and all other exposures for which there is reliable 
information." This includes exposure through drinking water and in residential settings, but 
does not include occupational exposure. Section 408(b)(2)(C). requires EPA __ to give special 

· consideration to exposure of infants and children to the pesticide chemical residue in 
establishing a tolerance and to .. ensure that there is a reasonable certainty that no harm 
will result to infants and children from aggregate exposure to !he peslicide chemical 
residue .... "Additionally, seclion 408(b)(2)(0) requires !hat the Agency consider 
.. available information concerning the cumuiative effects of a particular pesticide's 
residues" and "other substances that have a common mechanism of toxicity." EPA 
performs a number of analyses to determine the risks from aggregate exposure to 
pesticide residues. First. EPA determines the toxicity of pesticides. Second, EPA examines 
exposure to the pesticide through food, drinking water, and through other exposures.that 
occur as a result of pesticide use in residenlial settings. B. Factual Background This 
extension of the temporary exempiion from the requirement of a tolerance is associated 
with an extension of an Experimental Use Permit (6g224-EUP-1 ), •Nhich was granted in 
rvtay 1996 io the South?rn Regional .~esearch Center, United States Department of 
Agriculture, Agricultural Research Service (USDA ARS). 1100 Robert E. Lee Btvd., New 
Orleans. LA 70179-0687. Both the temporary exemption from tolerance and the 
Experimental Use Permit in 'Arizona expire December 30, 2003. In the Federal Register of 
{March 25 2002, 57 FR 13628) (FRL-6827- 8), EPA issued a notice pursuant to seclion 
408 of the FFOCA, 21 U.S.C. 346a, as amended by the FQPA (Public Law 104-170), 
announcing the filing of an amended pesticide tolerance petition (PP 5E4575) by 
Interregional Research Project Number 4 (IR-4 ), New Jersey Agricultural Experiment 
Station, Technology Center of Ne•N Jersey, 681 U.S. Highway #1 South. North Brunswick, 
NJ 08902-3390 on behaif of the USDAJ ARS Southern Regional Research Cenler, 1100 
Robert E. Lee Blvd., P.O. Box 19687, New Orleans, LA 70179. This notice included a 
summary of the petition prepared by the petitioner, Or. lvlichael Braverman. It referred to 
data previously evaluated and summarized by the Agencj as published in the Federal 
Register of May 26 1999 (64 FR 28371) (FRL-6081-2), and the extension of the temporary 
tolerance exemption as published in the Federal Register of f\llay 23 2001 (66 FR 28383) 
{FRL-6781-7). The petition requested that 40 CFR part 180.1206 be amended by 
esiablishing a temporary exemption from the requirement of a tolerance for residues ci 
Aspergillus flavus AF36 on cotton in cerlain counties in Texas in addition to the current 
exemption from temporary tolerance on cotton in Arizona. This petition also. requested that 
this temporary exemption from a tolerance be extended to December 30, 2005. Several 
comments were received in favor of the amendment to allow use or the microbial pesticide 
in Texas. The growers were of the opinion that the use of this active ingredient is likely to 
reduce the high levels of naturally occurring aflatoxin-producing strain. Aspergillus flavus 
AF36 has been found at a range of less than 1 to approximately 5°/c in certain regions of 
Texas. One comment was received requesting the Agency to re-evaluate the science of 
the proposed program and that !he risks associated with the use of the active ingredient be 
considered before a perr.lanent exemption from a tolerance is issued. The main concerns 
in lh1s comment •Nere the requirement for uniform standards in the expression of aflatcxin 
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'eveis found ;n :,;e c.-cp, <tie ;:racr.'cal significance of c:-;a :iropcsec '.~o::atrTtent rnethcC 1n / " 
;ecucrng arl;;:::Qx;n ccrHen1r2Hcn: arc t."e s\;r:if!ccnce cf \;;e hos; s::-ess in :he :::xoress:on 
cf pethogenic:1:1 Cy Asperg:ilus flavus. Ccnsicer;ng eac.'" cf [hes;; ;:iorr.ts. iirst. :re -
cornrnen\er ~eferr:::d co ~ne ;7':1x:ni;; of units usec :c measure afiatoxrn ccr.!arn1nat1cr. This 
C;)rr:rnent s.::ec;frca!I: referrsd 'o t."e experr~enlal .·esearcher's ''-"cor:s, 'Nh1cn ;nc!uce 
r:<easurement of 2fL~to:<:r. i~veis as m1c,ograrns per i;;r2rn or ccttonseed rather chsn ;;ie 
ty91ca1 expr::ss1cn cf rnicrcgrarns per !<.ilograrn of c::ittcnseec. In ca;a submitted co che 
Agency, ihere .·s no indication !hat :he compcn'.1 'NCS Ir; ert:;r er ,7:1s;epresenti'ng tbe 
aflctcx1n 11al~es In all cases. E?A :s careful \o pay close sc,uiiny '.o the uni\s cf rneasure •n 
data they review ~nd :r.e .mp::cauons r.,ece from :r.e s1c;;ec ;;atues. Secondly, the efficac'f 
of the ;Jes::c<c:!.si ;:;rocucc to r::d0ce :~e revel of ctlatox'n 'n c:omr.:erc:al crops ·.vas · 
quescicneC: in ~he comG"'.ents. The >..i;ency reqt.:1res :ha; :r.e ccr<pdny ;Jresent Cata tc 
scnf:r:n cheir c!a1r71 to ccntro1 :a pLJblic heaith ;.;:;zard. The subm1ted data :;re availaoie ,n 
che putlic dacxet anc :-,ave beer: rev1e·NeC. Tnesa dara :ncicate chat ·.vhe-n As;:;ercill1.;s 
•la't•Js P..F3.6 is usec. a h1.,;her c:iercen!age of tf!e \re.snec cc::·r;;mcciry ,11eets. or.1s :~ss \har-. 
'.he stcndarC:s. of 2iicccx:n reqcrreC Cy <he Fccc and Oreg A.Cm1r1scranon {FOF.). ::!nC: tr.e 
aflatcx:n ccntam1n2uon 1n the ~xper:rnental region is low~rec. The groi11ers ultimate!: 
decide if.the reducad .c;rla!ox1n ccn:amina!ior, is \vorth tt-:e treatment cost, Jut all cotton ;:;no 
its by-products sold for food/feed must meet ~he FDA arlatoxin standard. [[Page 46886]] 
Regarding testing of tr.e atoxi§enic fi:ngus, P..spergii!us navus AF36, en stressed or 
immunosuppressed species to detect ~ny pa!hogenic potential :n piants, insects, or 
marnmals, E?A's GUideiine requirer;;ants are c'esigned to adcress :r.e normal immune 
response to microbial exposure. These tests 1nc!uCe r.on-self.'foreign re'cognition and 
:esponse er ciearence jy :he ;!T,rr:une syS(2M aver t:rne :;:PA is ex2minir.g ne•N r»e\t'.cGs 
1h2r ,-:-iay ccOres::; the 9c:ent1ai c>f 2 :-n1crcoe '.c ,nfect s;ressed er ;r.:rnunocnmprom1seG 
hosts. in t~e !n:enr7', s;::ec:ai r:--:easl1~es ha''e :een 1nc:u::::ed .n ~;-:e ::;:;per:rnen:al :rearrner!s 
:o reduce exr::osLJre :o As;;·er~iilus :lc:v:.:s ,;;:36 outsiC:= cf '.he Ces1gnated treatr:".ent ereas 
The a:<perimenta! piar. aiso requires exter.s:ve ~ace ccilec:1on :o exar.:ine tne fare 2cc 
,:)ers1stence cf Asper:;:ilus ilavus .:0.;:35 as e cc~ponerH ::::f t;;e :ccel f1...ngal :)Opclat:on 
=:xposur;:. ~c .:!..soerg1llus Fla•A.:s :s 1nev1lcble. Oeceuse C1'ie .~_ngus r'orrnaily occ'.JrS n :r:e 
en';!rOnmen:. (;1';en '.ne c.:b1c;:tJ1'.o~s ::aru~:: cf '1ar,ous S(rc1ns of ;.59erg1ilL!s fla'1'JS, :t~e 
crecaunons associated 'N'tn :hrs excenmental ;:rcgr;;rn. Ca!2 rnc1cating no unc:!ue .ac'1ersa 
neei!h ef-fec:s :o \est "OCent s::;ec:es ::Jy cra1 ini;est:on cf . ..\.sperg:i!us rla'1~s A,'""36. :;s 'Ne!: es 
:i•e cur~enc C:Q.::\ mcn1rcr:ng of af!a:ox;n ·eve1s. ;."!ere .s :a rec;sor . .:::;Cie c~rtaint: of tic i1at11 
r-esclttn;;; fr:Jm \he ;;se or' :he non- atic;roxin-procuc;ng f•_cr,-:;us, .;;s9erg1llus f12ivus ).,:::35_ i!I 
Tox:co1oc1c21 ?roflle ;:;no Risk As:>essmcnt Coi"'.sisten! N1t.'1 sec:ion <!08(!J)(2)(0) cf che 
rrocA, E.::;.~ ,"«cs re11.'e1ved :r.e ava1iati..? sc:entfic da<.:: anc o\~er re!evant infcrcr:c~a::n ;n 
supcor: cf \,";1s 2cc1on :anG ccnsrc:!ered :ts 'f<ilic:!it:1. con-:oleteness. and reliabi!it'/ and the 
'eiet1onshic of t."11s :r.for~ar~on to t,t..~Cn r:sK. ~;:::.;.. ,-1as aiso -:=nt1s1cerec .ava:laCle 
:nfonnatio~ corcer:l1n-:; :ne ·1anab1iil; cit ;r,e sens1l:vrties ::f rn:::1or icenr1f:able sut:grocps ci 
ccnsur;-,e:-s, 1ncft.:01r:g 1r.fcnrs ;:nd ch1lc!ren. Sased on '.1"< Cata :ore analyses out!ined in :~e 
receral Regis\er cf ,\.-Jey 26 t?99 r66 FR 28371 ). 2nc:! S'--'mrnanz:ed '.)e!ov1. EPA has 
concluded iha! there rs a reascneble cera1nty that no hcrrn 'Nill result from aggre-;;ate 
exposure :o the u_s pccul.s!ion. including 1nfanrs and chiicren, to res,dues cf Ascerg1iius 
:lavus AF36 =.r:s1ng from :he limited use ;::attem of the expenr,,ental use ;:iermit. This 
1nc!cdes all ant:c:pateC dietar/ excosures and all other exocsures fer 'Nb.1c.1 there is re!i8b:e 
inforrnaHon. ~ Food. The cuilurai prac!ice allows c;pplica!icn of ihe microbial pes;:c:ce 
orebloom to ccnor. This ;:irecluces the ;JC!er.tial for c!irec: residues of .~spergi!lus flavus 
.:'..F36 oer se ;o remain on :,";e treated cotton. Oniy ~he seec of the crea!ed cornr.:ocity, 
:::ctcn. 'S iikei'.1 to be 0rccess2d as icoc:! for cottonseed oil. Res-icues cf A.spergrtlc:s r:a';•_s 
;:._;::35 or its r;,e!abclites ::re :ikeiy 10 '.Je :-erncveG :;;:ir.: cot~on seed c1i dt.:r:r:f :r;s . 
:irocess1no. in ac:!dit:on. rhe Cat3 s'.:brr.:t~ec -::enors::ace :,"::! :,";e ;::rcocsec st.·c1r• or 
.2.spergiliu:S 7!avus ;..F3E, has a :o•N tox:c:ty ocrent!al. and. tneref<::re, ;s •ikely to case;:; 
.'11n1ma1 (0 .1cn-existent ha23rd :f icsec es labeled. li":e c;ct.:te cr21 :_050 of rats :reateC 6:1 

;avage fer ; ._i. Cays :s ;rea(er tran 5.COO m<j~g. r:-t.:rt~er. :i--.e orcpcsed s:rain cf .C;sperr;nlt.:s 
f)avus .. .:>..F36. c:!oes r:o! Jrccuce afiatox:r .. Aflatox:n is :-esula:ec:! on ire (!y-prccuc:s of 
cct:on jy :he Fccc and-Or•.1i; ~C.'11n1st,-.;>(1on T-,e .\lay 23 2C01 :=eceral Re~1ster Nct;ce 
a!so. C1scusses :hat no cc•;er;;a ef.ec:s ·Nero? recor:2S n :re 2n>,ua1 :-ecor:s cf ~t·e 
.=x_oer:r.:entai L'se Perrn1t 5S-22J-CL'P·1, 2rd. ,n scn---e ns~2rces, 3f!atox1n :eve.s of r:cc:cr: 
seec 'Ner~ reCt.:cec .n ';-eatec ::c!:cn \•\ia'r 23. ?.()01, 55 ::=R 23383\ 2 iJercnci e:c:csl;;<;: 
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.\)c-r-occ:..;p2~1cncJ cerr:lal 2x::·osurc anc ~:sr< :o aci.;Jts, ,r;fcr.ts ard crlidren ;:-r;: ::ct :r/\o:iy .i 
:ne '.Jesuc:Ce is "sec as :at:e!ec. If :he r~1c>obe :2xh1bils GerrnaJ sens1::z:r:g properties 'Nn1c,'-, 
:s 2sscc1a1ec 'N1th this :;eni...s of furg1, rhe 'JC-"'ndar:es are !ikely '.o m21r.ta1n Cis:r:but:on ne2r 
'.reated areas U;LJs ;:rct::c::r.c; r~eart:1 ct-risk popu!auons To fr~nher iT:1n1n11ze exposure co 
:m~unoc:::impromised or sersiti112 ;:;09•..:iat1ons, infants and children, tne A.gency cont1nc.es 
:o ,-.s:qu1r<;: :,'lat :,<-:e _:Jest:c:ce r:1:.:s1 not be appi1ed ;viJh1n c= bot.:nCary o.' .1QG icet or sen co is. 
daycare and realth care facd1ues anc rosp:la!s. 3. inhalat1cn 0:x;:os:..xe. Based c-n ~re 
methoc of application to the scd of cwJtr1ateC cotton fields, ;:orebJcor- 'Hlth set bourd2nes 
0cn- ccc:.:cat1r,nal irhal2::on exsosi..:re and nsk to human aduits. cr,1idren ;;:rd ,nfants are 
l1ke!y to be rn1nimaL J.. )eterrn;nation of safety for U.S. ;::iopuiation, infants and cnildr.er. 
~:=:CCA section -108 pr'Jv1des rf'at EPA shalJ apr;Jy :on 2dCf.:onaJ tenfc!d margin of exposi..:re 
(safe~1J for :nfants <!nd ct',lidren in \he case of '.hr.eshold effec::s t:::i 2cc:::iunt for .-cren:;tal arc 
pcstnatal toxic:ty :::no tn2 corr:::Jieteness :::if the data base c:niess EPA ceterm1nes 1'1at a 
different rnargir, of exposure (safetv) 'Nill t:e sefe for inL'!nts end chliCren In \his instance. 
b8seC: on !he above finCirgs, EPA :iel1eves there are (eJiao1e data :o support ~he 
conclusion :hat the(e are no ~hreshcid effec:s of c:::ir:cern ~o Onfants, children. and :=ocits 
;vhen F.s::;ergiilus fla'1us AFJ6 ~s used ES laoe!es·, ano" tr:at no adci11onai margin of 
exposure is r.ecessar;1. 5 Cumuiat1c1e effects. lh1s is \.he or.ly microoe ;n th.:: genus 
Aspergilius wnich is in an experimental 1..:se ;:irogram al :his ttme. Aspergil!us species 2re 
naturally occurring ub1quitolJs fungi, such that exposure to various species is normol. The 
data submitted to ihe Agency support the claim :hat P..spergdll!S flavus AF36 is 
non~aflatoxrn producing. \;Vhen apo!ied prror to Aowering, f\sperg1llus Oavus has been 
sno\vn to exc!ude arlatoxtn-prc·duc:ng fungr competitively from :he de•;eloping crop anC to 
reCuce ai'!atcxir contam1nat:on of couonseed. Data show that tr,e proposec use •Niil ,".ot 
r::su!i in apprec:ab!e increases in lhe :ong-l8r:-r. popuiator; of Aspergilli.:s tlavus on \he crop 
:Jeyond naturally occurring !e•1e!s. r:tJrtherrnore. there is no expec:ation of cumulative 
effec:s 'N1th other ;:.esnc:des i\~ OU-cer consicera\ions t. Encoc.-:ne S1sr<~p[ors. i:P.A. Coes 
not have any infcrrnalion r2gard:ns endccnne effects of L'"11s .1"1ic;ob12J 9estic:ce en this !1r.:e 
2. A;caiyt:cai methoCs Staner cultures are scr2ened :::in 1h2 bas:s of •1egelative 
;ncor:-tpa!1Cilily 111lh ~~e :ox1gen:c sire.in. As;:ergli!us f!avus AP ::l6 dces not Cemonstrate 
1,·egetat1ve c:::impatib11ity 'N1th tne al!atoxin-prodL.;c:nc S strain. Af1a\ox:n croduc11on 1s 
rr.vn:tor::C :iy s:2r,card 1h1n i;oyer chror:-:atc~r3Phy tt!c} p(ocerJur':'s 2rd ·11sua11z.altor 'l!C 
sc~rn1rg f:uorescence aers1tcr;1etry ard the(e is a <:~ro 1oierance 'or af!atox1n. Human 
::::athogers are repor:ec to De -.v1th:n reguJator1 le,1els (fl.Jay 26 1 SS.9, 54 FR 28371 ; .. lr2a1e~ 
c:::i1ton ant its bv-:iroCuc;s are screenec for af!atcx:n prior :o 1ntr:::icuct:on :nto :he cnarneis 
ci ccmmer'.:'e FQ,; sees ,1ot ci!O'N cotton seeo prccwcts cortain1ng aria\.o:cn 2Cove 20 
:::ar~s ;::ier 01!Uon (pr;:b) to ce '..'sec: ~n da;r; r2nors er :::bo'1e 300 ppb :c '.Je used for fee~tri; 
::eef CBt:ie. 3. Ccdex max:murn ·2s1Cue 1e11ei ::10(e is no cede:<: rnax:murn res,Qt..;e ie•Jei 'er 
. .i.s,:;erGd!us rl;:;vt.:s AFJ6 V Ob1ec.':on::; enc~ .;...;eanng F;i.2c;ue.st:s tu1Cer secoon 408(£.,i cf :.';2 
:::rocA., 2s c.r-:.::nCed b•i the .:::oP.D.., any .oe(scn :r:ay ''ile an :Jb!ect1or, :o :::ny as9-::ct cf '.~:s 
r2guJat1on 2n0 ma1· aiso rec;uesc 2 hearing en :rose OOJecrions. lhe :=PA. ~rcceCur;:1 
-eg0iat1ons 'NhiCi'. -::ov'.':f1 '.he s0Cm1ss10:'. of OOJeC~ions anc rec;ues;s for hear;nfs acpe:or '' 
;:J.Q Ci=R par. 178. A1thougr, tr:e procecur.es :n those reguialions recu;re some mcd1ficatcn 
:o refiec: :he arnenOmer'tS :i12C8 to :he ff Page 46881l} F:=:DCA 'Jy :he rQP.A. of 19<;6. ~P;.. 
'N1Ji r::ont1nue tC ~:S?. those :JrcceCures. '>-V!th approonate aCjustments. :..ntil the necessar; 
:-r.0C1f:c2t:ons can te rn2ue The rev1 section ..!CS(g) prov1ces esser:t;2Jly :he sarr,e process 
For oersons re · · obiec:" re a regulation ~or an exemption from the requirement or a 
:.oie(ar.ce :ssued bv EPA c:nCer :-;ew ser::t:on J.08\C). as was orcv1deC :n the old F:O:OC . .:\ 
secnons .J08 anc 4o9. Howe'1er. che penod :or riling object10.ns ,s no~v 60 days. ratner '.;;an 
JO days A. '1'Jhat Do! ,\teed 10 Do to F!.ie an Oo,iect:on or ,;:;:ec;uest a Hear.:ng' You :ni..:s: 
file yoLr cOJeC\ion ,Jr reccest a :,,ear:ng :::in chis regulation in accorc::irce 'Nlth the 
:ns1n . .:c:1or,s .::ro111cec ,n ~ris ,_n1l snd :n "-0 c;;R ;::ar, 178 l:::i e"sure ;::ro~er rece1ct C'f '.::PA. 
/CU rnust :Cent::'v :iocke: iO ni.;r:-:cer OPP-2002-0003 rn :he si.:'.:lJeCc lir.e on c:-'e firs' page cf 
your suom1ss1on'. Ail recues:s rnlJSl tie :n 'Nnling, and must be mailed or Celiverad :o :~e 
Hearrng ;::erk on er oefcra Septer:-it.er 16. 2002. f riling :ne rec;ues:. Your object:on '71US~ 
soec1fy th.:: spec:fic ;:iro111s1cr.s •n ~he reguJatron :hat you obiect tc, ano tile grouncs ~er chG 
c01ec(!or,s (40 CF'R : 73.25). if a he;:;.r:r-g is "ec;ues\.~d, the :::ib1~c:1on.s must incJuce c 
staierr»en; of ;he fac:•..;al 1ss:;es(s) on -.vn:ch a ",e::;nng !S rec;uesteC. '.he rec;cesior's 
<:cn~er!~cr;s en suer. :ssues. anc := su1T'1nar1 or ary 2•11dence re!leC u.oon 'Jy the ob1ec:cr 
(-"O Ci=R 178 21:r. lnformanon sc.bm;l:ec ,r. connec::on N1th an otJec:icn :;r re:2nng '°"c:;es: 
~2~1 oe c.'a1r:ec ccnii'cer:::al '?y rnar:o.::r:g 3ny .::iar: 01· aJJ of ~hat 'nfcrr-iat~on as C8l 
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Information so marked 'Nilt r.ot be disclosed except in accordance 'Nith orocedures set forth 
in 40 CFR part 2. A copy oi the information that does not contain CBI ~ust be submitted 
for inclusion in the public record. Information no! marked confidential may be disclosed 
publicly by EPA without prior notice. /lllail your 'Nritten request to: Office of the Hearing 
Clerk {1900). Environmental Protection Agency, 1200 Pennsylvania Ave .. NliV ., 
VVashington. DC 20460. You may also deliver your request to the Office of the Hearing 
Clerk in Rm. C400, \11/aterside l'vlall, 401 M St., SW., Washington, DC 20460. The Office of 
the Hearing Clerk is open From 8 a.m. to 4 p.m., Ntonday through Friday, excluding leoal 
holidays. The telephone number for the Office o~ the Hearing Clerk is (202) 260·4865~ 2. 
Tolerance fee payment. If you file an objection or request a hearing, you must also pay the 
fee prescribed by 40 CFR 180.33(i) or request a •Naiver of ihat fee pursuant to 40 CFR 
180.33(m). You must mail the fee to: EPA Headquarters Accounting Operations Branch, 
Office of Pesticide Programs. P .0. Box 36027711/t, Pittsburgh, PA 15251. Please :deniify 
the fee submission by labeling it "Tolerance Petition Fees." EPA is au1horized to waive any 
fee requirement ·'when in the iudgement of the Admir.isJrator such a waiver or refund is 
equitable and not contrary to the purpose of this.subsection" For addi!ional information 
regarding the waiver of these fees, you may contact James Tompkins by phone at (703) 
305-5697, by e·mait at tomokins.jim@eoa.oov, or by mailing a request for information to 
Mr. Tompkins at Registration Division (7505C), Office of Pesticide Programs, 
Environmental Protection Agency, 1200 Pennsylvania Ave., NW., Washington, DC 20460 . 
If you would like to request a waiver of the tolerance objection fees, you .must mait your 
request for· such.a waiver to: James Hollins, Information ResoUrces and Services Division 
(7502C), Office of Pesticide Programs, Environmental Protection AgenCy, 1200 
Pennsylvania Ave .. NW., lNas.'lingion, DC 20460. 3. Copies for the docket. In addition to 
fiting an objection or hearing request with the Hearing Clerk as described in Unit I/Ill.A .. 
you shoutd also sand a copy of your request to tr.e PIRIB for its inc!usion in the official 
record that is described in Unit 1.8.2. Mail your copies, identified by docket ID number 
OPP-2002-0093, to: Public Information and Records Integrity Branch, tnformation 
Resources and SeNices Division (7502C), Office of Pesticide Programs, Environmental 
Protection Agency, 1200 Pennsylvania Ave., NIJV., 1Nashington, DC 20460. In person or by 
courier, bring a copy to the :ocation of the PIRIB d~scrtbed in Unit l.B.2. You may also send 
an electronic copy of your request via e·r:iail to: ooo·docket\aleoa.oov. Ptease use an 
ASCtl Fite format and avoid the use of special characters and any form of encryption. 
Copies of electronic objections and hearing requests wtll also be accepted on disks in 
WordPerfect 6.118.0 or ASCII file format. Do not include any CBI in your electronic copy. 
You may also ·submit an e!ectronic copy of your requesi at many Federal Depository 
Libraries. B. lNher: INill the Agency Grant a Request for a Hearing? A request for a hearing 
wilt be granted if the Administrator determines thet lhe material submitted shows the 
following: There is a genuine and substantial issue or fact; there is a reasonable possibility 
that available evidence identified by the requester 'NOUld. if established resolve one or 
more of such issues in fa•ror of the requester, taking into account uncontested claims or 
facts to the contrary; and resc!ution of the factual issues(s) in the manner sought by the 
requester would be adequate to !ustify the action requested (40 CFR 178.32). V!. 
Regulatory Assessment Requirements This final rule esiablishes an amended exemption 
from the temporary tolerance requirement under FFDCA section 408(d) in response to a 
petition submitted to the Agency. The Office of .1.itanagement and Budget (ON18) has 
exempted these types of actions from r_evie•N under Executive Order 12866, entitled 
Regutatory Plannir.g and Revie•N (October 4 1993. 58 FR 51735). Because this rule has 
been exempted from review under Executive Order 12866 due to its lack of significance, 
this rule is not subject to Executive Order 1321 l, Actions Ccncerf.ling Regulations Thai 
Significantly Affect Energy Supply, Distribution. or Use (i\/tay 22 2001, 66 FR 28355). T~is 
final rule Goes not contain any informaiion colleciions subjeci to ON!B approval under t11e 
PaperNork Reduction Act (PRA), 44 U.S.C. 3501 et seq., er impose any :2nforceable duty 
or contain any unf'unded mandate as described under Title II of the Unf'unded i\/tandaies 
Reronn Act or 1995 (Ui'vlRAJ (Pub!ic Law 104-4). Nor does it require any special 
considerations under Executive Order 12898, entitted Federal Actions to Address 
Environmental Justice in 1vlinority Populations and Low.Income Populations (February 16 
1994, 59 FR 7629): or Of\llB re•riew or any Agency action •..inder Executive Order 13045. 
entitled Protection of Children from Environmental Health Risks and Safety Risks (A_oril 23 
1997, 62 FR 19885). This action does not involve any technical standards that •Nould 
require Agency consideration of <Joluntary consensus stanCards pursuant to seciion 12(d) 
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of :he ;..1at1on2i Tec;1nc1ci;'! iransfcr enc Ac·1ar:cemen! Act of 1995 ;~JTT;:.;:..). ?uCliC L.21,v 
'04-1 i3, section ~2(G) (15 u SC 272 r.ote) Since ~ciercnces 2r.d 2xempt1ons that 2r2 
ss~ablis!"'.ed on the Oas:s or a :;et;t1cn 'Jr:der rFOCA section -!QS(c), scch as the amencec 
:emoorar-; toie;ance exempt1or: rn this f~nai ruie, co not rec;u1re ti'.e issuance cf a proposed 
~·J!e. 1r,e requirements oi '.f',e ReGulatcry Flexib1ii(/ Act (RFA) (5 U.S.C. S01et seq) Co not 
2pp1y In add:t:on. :r,e Ai;er:cy r.as determined \hat lh1s acC!or. vnll '"'Cl ilave :;i subs:ant:ai 
d;rect effect on States. on :r,e re!at1onsh1p be~.veen :he na:1onal ~overnment ar.d the 
States, or on \ile dis~ribl!tion of ;::ewer and res;::ons1bdit:es among tre venous [[Page 
46888]] le11eis oi' :;overnmenr, es spes:fied :n :=:xecui1ve OrCer l3'1J2, ert1t!eC receralism 
{.At.;gust 10 1999, 64 FR 43255). :::xect.:tive ()rder 13132 req1-01res EPA :o deveiop an 
accountable process !O enst...re · · mean1ngfu< ar.d urnely ir.pu; by St2te and loca! officials ir. 
the development of regu{ator; ;:;011ctes ~hat ~a11e feoeralism im<:;i1cat1ons." '"Policres ~het 
heve federalisr:i 1mplicat:ons" 'S Cefined ,n the Executive Order to inc!uc'.e reguiaticns L"".at 
na11e '"substanticl direct eifecis on the States. on the relationship bet'neen the net:ora! 
governrnent and :r,e St3-tes, or on che disir:butior; of power and respcns1bliit1es 2IT"-cr.i; ohe 
'12nous !eve!s of governrT'enL" This fi11ai r'.ile a1rectly regut2tes grov1ers. food prscesscrs. 
food handlers and iooG 1et2ilers. not Siates. Th:s action does net aiter the relationships er 
d:stnbution of power and respons1b1i1t1es estaClisned by Congress n the ;:i"eempt•on 
prc'11sions of FFOCA seci1on 408(n)(4). For these same reescns, ihe Agency has 
Cetermined that this rule does nol have any "lribai implicatrors" as described in Execu:ive 
Order 13175, entitled Cor:suitation and Coordination 'Nith Indian Tribal Goverr:ments 
(November 6, 2000, 65 FR 67249). Executive Order i3175, requ[res E?A to develop an 
2ccountable process to ensure '"rneaninc_;fu! and timely inpul by ~nbal officials ~n the 
devetopment of regulatory pol:cies that have tribal :IT'.plications." "Policies that ,'1a 11e :nbal 
:r.ioiicaticns" is defined :n the ::xesut111e Order :o 1nciude regulations that have ··substantial 
d1rc;ct effects on one or more :ndian ;nbes, on the rei3tionstup between ihe receral 
Governn1ent anG the lr:d1an tribes, or :Jn the Cist1:bu:1on of power enc resoons;bil111es 
tet'treBn tt-:e Feder2I Goverrrnent er.a lnc:ian 'ribes " Th:s ~1Jle 'Nill r.ot have substani1al 
c1rec: effec's on tr:bal ;overn(~e:1ts, on rhe re'12nonsh<P '::et'Neen '.he i='eCerai Goverr-~ert 
anc !ndian tribes, or on the a1s:nbunon of ;::.o•.ver end resoons:C1\i~ies ':Jet'.veen tt1e ;::sderal 
go11ernme0.t arc ind<.;,:n t11bes. as sce1_:;:fiec ,n Executive Order '.3175 lhus. '.:xecut:ve 
!Jrcier 13173 does not cpply iO lh1s r'J:e v::. Submrss:on \o Congress and ~he Cor:;;:;rrc!ler 
Ger.era! The Concress;ona! S:e•11e1N Ac:. 5 U S.C. 801 et sec., as adced by the Small 
3us1ness Regulat00; Enfor·::ernent :::=e1rness Ac: of 1996. se~era:ily provides th2t ::ief'ore a 
~ule may take effec:. the 2genc1 ;::rcr.H..:lga!;ng tr:e n.:le rnust subm<t a rule repcr;. •.vn1cn 
:nc:udes e copy of the n.:le, to each House al tne Congress and ~o 1he Comptroller Generai 
of the United States. ~?A 'Niil submit a re0crt containing lh1s rule ano ::ither required 
.nformat1on :c the US. Senate, the US House of Represer,tati'1es. and the Cor;-ipttoiler 
General of '.he Un:;2c S~ates orior tc pcbl:cauon or' this 'inal ruie ;n the rederal Register . 
':--1::; final rule :snot e ··maier' rule "as Ceiined by 5 U.S C 8D<l{2). Lis\ cf S1JO)es:s :n <lO 
Ci""R P2n ":80 ::n,nronrr.ent-ai ?rotect:on. AC:.,-·un1strai1ve practice end orocecure, 
.·\<;_;:cultural cor;irn<)ditres. Pes::c1ces 2ir1d ~ests. Res:;or:1r.\;_; 2no ~ecc.rCke2p1rg 
~ec;u1ramer.ts. Dated. June 27. 2002. Janet L. Ancersen. Q;rectcr. 01opes;ic;des anC· 
?otiution Preven::on C:vis1on. Cffice oi Pesi:c1de Prograrr.s T~eref::;re, 40 CFR ch;).p[er ~ <S 
amended es follo1.vs. PP.RT t30--[;.J,!ENDEO] i. The autr.onty c1tetion for part 180 
c::nt;,-,ues '.o read as ;otic'Ns: .<>.uthcr:ty· 21 USC 321(q), J46(n} anc 37~. 2 Ses:1on 
1'30. <206 is rev<sec to re2C 2s :ol!o;vs: Sec. 180. 1206 As0ergiil1Js flav0s Ar36. ,l\s::;er91ilus 
flavus AFJi3 is tem;::orar1lv exel710t :ror.i tr.e r'::cu:rcmen: of a Coierance :r, er on co;:cr. 1;.e 
~emporar; exemption fro~ a tol~rari-ce 'Nill expire on December 30, 2CC<.!.. ::ons;s:en: •.v1t1' 
the Ex::;erimental Use ?errn1t 3922.l.-::'..IJP-1 [FR Doc. 02- i 7869 i""ilec Y- tS-02. S·J.5 an-.] 
BiLLit'-IG CODE 5360-30-S 

Las[ uc;ca1"'d ;;:n :r,~r~;::J:: A~;\Js: :s1. :ZSC1 
:JR' ... >it\p ,,w,,,,w.~;:a.;cv11ec1;s~r-':'??.l;.;:;es ;-- 10;:·2.'Ju1y10;?y· 1- o; ~.sos ritr:-1 
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"3 
Effect of Atoxigenic Strains of As'pergillusjlavus on Aflatoxin Contamination 
of De\·e1oping Cottonseed 

P. J_ COTTY. Research P!an1 Pathologist, Southern Regional Research Center, U.S. Departmen1 of Agriculture. 
Agricultural Research Service, New Orleans, Louisiana 70179 

ABSTRACT 
Con,·. P. J. t990. Effoe1 of a1oxigonie s1ra1ns of ,4rpagifluoflon1s on aOa1o~in eon1amina1ion 
of d;,·etopmg eouonsoed Plam Dir. 74; 233-235. 

Simull aneou1 inoeulal ion of wounded 28-1 o 32.day-old coll on bolls wi1 h I oxigenie imd atoxigenie 
s11ains of .<tspe;gillur flo''"' led 10 lower tovetl of aOa1ox1n B, IB I} in 1he eo11on•eed a1 ma1uri1y 
ihan in bolls inoeula1ed wi1h 1he 1oxigenic sirain alone. Six ol $even aloxigonic sirains 1e<1ed 
reduced lhc level of eon1amina1ion produced by 1oxigonie s1rains. Leu BI was dc1oc1od when 
1ho ~10:-;•gcnic sirain was in1roduood imo lhe wound I day t>c:forc inoeula1ion wilh a ioxigonie 
»rain 1han when a1oxigonie and 1oxigenie s1rains wore ooincx:ulatod. In con1r;i.s1. 10.'tin lovolo 
a1ma1uri1y11.C:re no1 reduced when 1he a10:-;igcnic sirain wa.s iniroduood I day aftor lh• 1oxigonie 
sira•n. U i• of an a10.• i~•n•• <1 rain .i tO-fold higher opor• ooneem rnllon ted 1o1ignifican1 roduc1ion 
in Bl if ihc a1o'tigenie sir•in W"-' in1rodue•d wi1hin 16 hr af1or 1ho 1oxigonie sirain. Aloxlgonie 
sirains of .4.floi·uo ma,·[,.., "soful in biological eoniral of afia1oxin eon1amina1ion. 

Aflato.xins are 10:-.ic mel aboli1es of the 
fungi Aspergiffusflo,.us Link:Fr. and A. 
parasiriri.,.i Speare !6). These to:-.ins are 
po1en1 eareinogens 1ha1 frequently con-
1amina1e agricultural eommoditics and 
pose a serious 1hrea1 10 humans and 
domes1ie animals (2!. There is great var­
ia1ion among s1rains of A. flo,.us in 1he 
quan1i1y of afla10:-.ins produced (5.7): 
1his quantity is independenl of a SI rain's 
abi!i1y to infec1 and colonize developing 
co11onsecd. Sirains of A.jlavw 1ha1 do 
not produce aflatoxins in developing co1-
1onsced can be selec1ed from fungal 
populations in agrieuhura! fields (5). 

A1oxigenie s1rains of A. flavus may 
have potential as biological conlrol 
agents for reducing afla1oxin con1ami­
na1ion. Several plant diseases have been 
eon1rolled by applying eenain s1rains of 
1he causal organism. Strains of Pseu­
domonas syringae van Hall ot Erwinia 
herhirofo (Lohnis) Dye 1ha1 are wi1hou1 
genes for iee nuelea1ion ean be used 10 
e'telude icc·nuclea1ion active s1rains and 
rirevenl frost injur)' { 10). The eross-pro-
1ee1 ion phenomenon has been used lo 
eonlrol several viral diseai;es (14); non­
palhogenic strains of Fusarium oxy­
sporum Sehlech1end.:Fr. can compe-
1i1ively e:-.clude pathogenic strains from 
infee.1ion couns in ee'lery (12). Similar!)", 
aloxigenic strains of A. jlovus may be 
able 10 e.'<elude 1oxigenie s1rains from 
COii On bolls (5). 

The obfeetivc of 1his study was 10 
evalua1e atoxigenic s1rains of A.flavus 

Accrpl<d for publiooiion I~ S.:p1omb<r I ~89. 

This article •• m lhe public domain and nol copy· 
r;ghlable. II m~y bo lri:ely rcorinlcd wilh cus• 
1omary erO<liling of lhe soureo. Tho American 
Pny1opllh<>logieal Scx:iely, 1900. 

for 1 heir ability 10 reduce contamina1ion 
b)' aflatoxin B, !Bl) in co11onseed 
maturing in bolls inoeula1ed wi1h 
1oxigcnic strains. 

MATERIALS AND METHODS 
Fungal strains and growth conditions. 

S1rains of A.fla<'us were isolated from 
agrieul1ural soil and eo11onsecd collec1cd 
in Arizona. The origins and afla1oxin­
produeing capabilities of the sirains have 
been described previousl)' (5). Strains 13 
and 42 produced large quan1i.1ies of 
afla1oxins both in cu!lurc and in devel­
oping co11onseed: sirains 19. 36, 40, 51, 
53. 55. and 63 did nol produce dc1ec1 able 
levels (10 ng/g) (5). Active cultures were 
grown in the dark al 30 Con a medium 
eon1aining 5rt. V-8 juice and 29"'~ agar (5). 
For long-term storage, plugs (3 mm in 
diameler) of sporula1ing cultures were 
mainlained al 8 C in 4-dram vials 
eonlaining 5 ml of dis1illed wa1er (4). 
lnoeulum was prepared by suspending 
eonidia from 7- 10 10-day-old cultures 
in'dis1ilkd deionized wa1er. 

lnfeelion of de~cloping eottonsttd. 
Plan1s of Gosryp;un1 hirs1r1un1 L. 'Della· 
pine 90" "''ere grown in a greenhouse in 
3-L pois containing a I: I mix1ure of Pro­
m ix and sand !4). Plan1s were fcriilized 
weekly with 100 ml of 2.000 ppm Miraele­
Gro beginning 3 wk afler cmtrgenee. 
Plan1s were maintained at all times in 
complele randomized blocks. Al 29-31 
days af1er anthesis, pink l::iollworm 
damage was simulated in developing 
cotlon bolls by wounding them once in 
a single lock using a cork borer (3-mm 
diame1er) 10 a depth of 3-4 mm (4,8). 
Each boll was inoculated by placing a 
10-µI aliquot of an aqueous suspension 
of conidia in10 the wound (4). Bolls 
inoculated with two strains received a 
10..µI aliquot ol each strain. 

To determine how eoinoeula1ion of 
wounds with 1oxigenic and a10.xigenie 
sl rains affee1s afla1oxin con1amina1icin a1 
ma1uri1v. each boll was inoculated ei1her 
w11h ap.proximaielr 20.000 eonidia of a 
single strain or with 20.000 conidia of 
the toxigenic s1rain followed immedi­
ately by 20,000 eonidia of the atoxigcnic 
s1rain. To evalua1c how prior eoloniza-
1 ion of wounds by al oxigcnic or 1ox igenic 
sl rains affee1s 1hc ability of the toxigenic 
strain 10 eon1amina1e developing co11on­
seed. wounds inocula1cd wi1h one sirain 
were subsequently (after 24 hr) ino~u­
la1ed with 20.000 conidia of a second 
s1rain. To tell the ability of an a10.\igcnie 
s1rain 10 influence boll con1amina11on 
afler brief ini1 ial infection by a 1oxigenie 
sirain, bolli were inocula1ed w11h 2,000 
eonidia of a toxigcnic s1rain and then 
reinoculated in 1 he same wound si1e af1er 
various periods (2, 4. 8. or 16 hr) wi1h 
20.000 conidia of an a1oxigenie s1rain. 

In all 1cs1s. bolls were han·es1ed al 
ma1uri1y (3 wk af1er inoeula1ion) and 
dried al 60 C for 2 days. Af1er drying, 
bolls were kepi al room 1empera1ure in 
sealed plas!ie bags containing silica gel 
desieeant. Trca1men1s were replica1ed six 
10 eighl 1imes: each rcplicalc eonsis1ed 
of one or two plants (one to three bolls). 
E.xperimenll were performed 1wiee. 

Aflatoxin analyses. The Bl eon1en1 of 
in1ac1 inoeula1ed loeules was determined 
by a modifiea1ion of the me1hod of the 
Association of Official Analytical Chem­
ists (13) as previously described (5). In­
tact lock.I were hammered 10 pulvcrile 
the seed and ildded 10 200 ml of acetone 
and wa1cr (85:15). The mix1ure was 
shaken for 15 sec, allowed 10 sel o\·er­
nigh1. and 1hen filtered 1hrough Whal­
man No. 4 !iher paper. A 100-ml ponion 
of 1he filtra1e was mixed wi1h 100 ml 
of an aqueous solution of 0.22 M Zn 
(CH)COO)i and o.oog M AICli. 
Diatomaeeous eanh (5 g) was added 10 
the mix1urc. which was shaken and left 
to se11le for 1-2 hr. The liquid phase was 
filtered (Whal man No. 4 filter paper) and 
100 ml of I ho filtrale was exl raetcd twice 
wiih.25 ml of methylene chloride. The 
hydrophobic fractions were pooled and 
dried; residues were dissolved in 
me1hylene chloride. Bl was purified by 
1hin-layer ehroma1ography and quan1i­
fied wi1h a densilomeler wi1h fluores­
eenee capabilities ( 13). 

Statistical analysis. Analyses were 
performed ei1her manually or wi1h 1he 
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StJ1i11ical Anak11S S;·~1em ISAS Inst!· 
1u1e. Inc .. Car;·. :-.:ci. All n•ul11ple 
con•pan~on1' \\ere iirs1 subjecled 10 
anah·sis of variaoc,-. To.\m ralues "'ere 
log-;raoslormcd lll'g .\" ~ IJ v.h~o 
nr,·c,s;ir; IG homr•gcn11e variances 
Jlltnng trratmcnl~. 

Tr~u1mco1 replica1e.1from1u·o ~xp,·ri­
mcors \\ere ranked. and ihe ranks r•ere 
subjected 10 1pli1·plo1 analyses as 
fnllows, Io 1e~1s comparing moxigenic 
11rains. the tesi \\al 1hc main plot and 
the s1rain was the subplol Io tes1s 
R•'aluatiog 1he effect of challenge with 
an atoxigeoic s1raio af1er brief infection 
by a 1oxigeoic s1rain. 1he tes1 was the 
main p!ol and the lreatmem (no cha!· 
knge or challenge after 2. 4. 8, or 16 
hr) was 1hc subploL Significant differ­
ences among 1reatmeot means were 
de1ermined with the LSD lest for split· 
plol analyses ( 11 ). 

RESULTS 
Very high concen1ralions of BI were 

detected in seed from bolls inoculated 
w\t!t strain !3 or ~train 42 (Table I). 
Howe•·er. siraio 13 produced signifi­
cantly more toxin than strain 42. In 
eonlrast, bolls coiooc11Ia1ed with cooidia 
of 1oxigenic and a1oxigenic s1rains in 
equal proportions had markedly reduced 
quantities of BI tn I heir seed a1 maturity. 
The magnitude of the reduc1ioo in toxin 
associated wi1h coinocula1ioo with strain 
36 appeared proportionally grca1er with 
s1rain 42 1hao with s1rain 13 (Table I). 
The occurrence of ana1oxio was pre­
ven1ed almost complclcly by introducing 
Strain 36 into wounds I day before inocu­
lalion with an equal quan1i1y of conidia 
of strain 13 or s1raio 42 (Table !). Seeds 
from bolls i11ocula1ed with a lo;o;:igcnic 
s1rain I day before inoculation with 
strain 36 contained Bl lc•·cl>" equal to 
that of seed from bolls inoculated with 
1hc toxigenic s1ra10 alone. 

In both lhe 1es1 of different aloxigcnic 
~I rains and the rest of delayed chall~nge. 
I he tesl variable was nol significant 
(P = 0.05), and ii did not in1erac1 wi1h 
the 1realmeo1 ''ariabk (Tables 2 and 3). 
Consequenlly, data from the two tests 
wcrR pooled for each experiment. In both 
cases, the trea1mcnt variable was signif­
icant f P = 0.05). 

Six of seven atoxigenic sl rains sig­
oificant!Y reduced accumulation of 

ana1oxio in bolls ioocul~1ed \\llh the 
highly 1oxigenic slrfl.in 13 (Table 2). 
S1rain 36 was 1he most cffecuve al 
ltmning contamina1ion bv strain !3. 

·Inoculation of developing ·cot1on bolls 
wi1h strain 36 alone usually resulted in 
anatoxrn·free cononsccd al maturi1y 
H<Jwc•er. low level:> (<50 ng gl of Bl 
were occasionall1· cxtrac1ed from such 
seed (do1a not sh~wn). 

\Vhen bolls \\ere mocula1ed with 10.\i· 
genie strain 13 and then reinoculated (in 
the same wormd sile af1er ;·arious lime 
penods) with IO·fold more conidia of 
ato.\igenic strain 36, 1he;- developed 
lower ana1oxin levels than bolls inocu­
Ia1ed with strain 13 alone (Table 3). The 
quanti1y of BI in cottonseed at ma1 urity 
was significantly (P = 0.05) reduced 
when strain 36 was inoculated in10 bolls 
up lo 16 hr after inocula1ion with strain 
13 (Table 3). 

DISCUSSION 
Atoxigenic strains of A.flavus appear 

to have po1enlial as biological control 
agents for reducing aflatoxin contami­
oa1ion in co11onseed. A1oxigcnic strains 
arc endemic to agricultural fields and 
should be equally adapted to the hot, 
drv conditions that favor host coloniza· 
1ici'n and infec1ion by loxigenic strains. 
Typically, A. flav1rs comes in conlac1 
with crops before harvesl and remains 
associated wi1h the crop throughout 
harvesl and sioragc \9). Thus, seed can 
hecomc conlamina1ed with Bl both 
before and af1er harves1 (9). Atoxigcnic 
11rains should be able 10 proliferate 
under 1he same conditions a> tuxigenic 
strains and, once applied in sufficien1 
quanti1y, they should have activi1y 
proportional to need throughout 1he 
season and during storage, These char­
ac1eris1ics indicate a potential use for 
a1oxigenic strains of A.flavus in a bio· 
con1roI_s1r~tcgy for managing alla1oxin 
contam1nat1on. 

Populations of A. flovus in agricul· 
1ural fields are composed of s1rains that 
vary widely in aflatoxin-producing 
ability, sclerotial size, and virulence (5). 
A1oxigenic strains of A. flavus al>o 
appear to vary in their ability to prevent 
anatoxin contamination of cottonseed. 
Screening or field populations of A. 
;1a•'UJ may result in SI rains more efficient 
at preventing aflatoxin cootamina1ion. 

Ta bk l. AOaro~in content of con on bollr inooulatrd witb 1oxigonio and atoxigonio A5pergillw 
j7a1·11r 1trains iodii·iduall)' and rn combination 

Stn:io 

<J 

" J6 

Toxigfnioily 

+ 
+ 

!norulatrd 
alonr 

nw 

'" 0' 

AO•loxin B, oonlrnl ofrollon,ced fµg/g)' 

Coinorulalrd lnorulalod 24 hr lnoculalrd 24 hr 
"ilh~lrain J6 aflor slroio J6 before slrain J6 

" 0.4 z 96w ,, 0.0 z IS y 

'Limit of detection: 10 ng._g. _Valuc1 are mcaor of oi£bt replioatr1. Mcan1 followed by the 
1amc loner do nol d1fJcr s1gmficamly IP= 0.051 by Fisher's least sigoi!icanl difference 1c11. 
Data W:tS log.1ron1Jormed before aoal;-1i1. 
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The t•cc.t;ional '"curreoce of low 
le•cl> of ~na1nxins m bull:> 1nocu\a1od 
only "'itlt Jh).>igcnic s1ram 36 ma;· have 
been caused b~ chan,·e io1roduc11on of 
a 10.\igenic strain io10 the wounded boll 
before or during mocula1ion Su~h 
1mroducnoo is likelv becau~e A. flun" 
sporuiares prniuser.' on inocula1e<l bolb 
and se•·eral expe~in;eo1s were performed 
:>1mul1aneou)ly in the same greeoho11se. 
Howc•er. we canno1 rule out 1he pos· 
sibili1y 1hat some ato;o;:i~eoic s1ra1os arc 
unstable ortha1 some s1r'iiins can produce 
toxin under ccr1aio c011di1ions. In a given 
crop, rela1ively fev. seeds con1aio large 
cooceorra1ions of roxio: 1hese seed.• 
typically account for the majority of 
1oxio wi1hio a sample (I). Therefore. 
occasional low levels \<SO ng: gl oftox\n 
produced by biocootrol strain1 should 
not pre•·enl them ·from reducing these 
high aflaloxin levels and being useful in 
the management of anaioxin contamina­
tion. S1rain stability, however. should be 
an imponam criterion in sclec1ioo ofbio-

Tabk 2. EJfoct of •·ariou1 ato.\igcoic urnios 
of A:>pergilfu; flo•·w on anaroxin oomami· 
nauon of couonsced by a •0~1genic 1train' 

Ato•igrnic AOaloli11 B, 
11rain (µg/il' 

:\on• 66.2~ a 

" J5.4' ab 

" ?0 . .\.2 b 

" 12.52 !><'. ,, 6.7l oc 
6) 5.86 oc 

" J.JI OC 
36 0.65 c 

• Do,clopmg co!lon bolls .,,ere inoculated fir>t 
wilh toxigenic 11rain 13 and 30 min 1a1or wilh 
"n mo."geoi.: slrain. 

'Valuer arc anragor of eighl ob<0r\'a1ion1 
made during two to.It<. Valuc1 followed by 
lhc 1ame leuer are no1 significant I.~ different 
by the LSD loll for splil·plot analy1c1 fll). 
Anal;10' were performed on rankr as1ignod 
10 \aluos within tcsu befo1e anal~I"-

Tablr J. Effect of ohallongo with an atoxi~onic 
Stram On produCtiOl'o of an~tOXin in devel­
Opong oononsoed by a roxigenic 1train of 
A5p~r.eillur flavus' 

Tlmt be1ween inooulalion 
~nd ohalleuge (br) 

' ' g 

~o ohallen~o 

An•todn B, 
Iiit/g!' 

1.40 
I.SI 
3.69 
6.89 

JO.JS 

' Do,·doping con on bolls l'-CfO inocu la led firsl 
w11h toxigemc 'train 13 and then after vari· 
ou1 period1 wuh a IQ.fold grcalor 9uanlity 
of oonidia of atoxigcnic nrain J6. 

'Valuc1 are average~ of eight ob1crva1ionr 
made during two 10111. Values Jor 2. 4. 8, 
and l6 hr differ significantly f P"' O.OS) from 
no challenge bu1 001 from oaoh olhor. 
Analy1os wore pcrJormod on ranks assigned 
10 value> "'ithio tcs1s OCfo~ analysis. 
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conirol s1rains. Effons 10 produce ge· 
nc1 i.:ally al1ered SI rains wt1hou1 po1en1ial 
10 produce ana1o~ins should be 

encou1aged. 
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Reduction in Aflatoxin Content of Maize by Atoxigenic 
Strains of Aspergi/lus flavus 
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Senir~. New Or/,•1;11.1. lm1i1iuua 7Dt79 

(Recei<·ed /or publicmion February 18. 1991) 

,\llSTR.\CT 

In field plot experiments. an atoxigenic strain of Aspergillu1 

jlaw11 imerfered with preharvesl ana1o~in contamina1ion of com 
when applied either simultaneously with or one day prior to a 
to~igenic strain. The atoxigenic strain reduced preh<ln'est ana· 
to~in contamination 80 to 95'7o. The atoxigenic strain was also 
effective in 1educing poslharvesl ana1oxin comamination caused 
by both an introduced lo~igenic strain and by strains resident on 
the kernels. The resuhs sugge~l lhal a1o~igenic strains of A.jlovu1 
may have potemial u;e as biological control age.ms directed al 
reducing both preharvesl and pos1harves1 anatoxin contamination 
of com. 

Aflatoxins, toxic metabolites of the fungi Asp~rgil/us 
jlav11s Link: Fr. and A. porositicus Speare. are potent 
carcinogens Y>'hich pose serious health hazards to humans 
and domestic animals because they frequently contaminate 
agricultural commodities (4.8). Com grown in the south· 
eastern United States is more frequently colonized by high 
popillations of A. jlol'us than com grown in the Midwest, 
where most U.S. com is grown (19}. However. the drought 
of 1988 created favorable conditions for A. f/an1s in the 
Midwest. and the Wall S1reet Journal (February 23, 1989} 
reported one-third of lhe crop tested in Iowa and Illinois 
contained dangerous levels of aflatoxin .. This, according to 
the anicle, caused greatly increased concern in the U.S. 
com industry. 

Biological control of several plant diseases has been 
demonstrated by utilizing certain strains of the causal or· 
ganism (/2,/4.,f5,20). St_rains of A. Jla1·us that do not 
produce anatoxins have been selected from fungal popula· 
tions in cotton and com fields (6./7). In greenhouse tests, 
atoxigenic strains of A.f/01•rr.r significantly reduced produc· 
lion of aflatoxin B, in coltonseed coinoculated during 
development with toxigenic strains (7). When atoxigenic 
strains were introduced into wounded cotton bolls one day 
prior to the toxigenic strain. even greater control of afla­
toxin was obtained (7}. This Study provided useful infonna­
tion but was carried out in a controlled environment. In 
the field, where A. f/ol'US first associates with the crop, 
greater blological and environmental complexities exist. 

Also. it. is not known if atoxigenic strains influence con­
tamination of harvested crops which already possess com­
plex microflora and niay be previously infected with A. 

jlal'us (10). (n the present study. an a1oxigenic strain. 
previously identified and shown effective in greenhouse 
tests on cottonseed, was tested for efficacy on com under 
field and storage conditions. A preliminary presentation of 

these studies has been made (3). 

Fungol strains ond growth condirionJ. 
Strains of A.jlovu1 utilized in ihis s1udy were isolated (rom 

agricultural soil and co1tonseed in Arizona (6.7). Strain 13 p10-
duced la1ge quamiries of ana1oxins both in ~uhure and in devet· 
oping couonseed, while strain 36 did not produce dctecuble levels 
(<10 ng.lg) (6). Cuhures were grown at 30°C in the dark on a 5% 
Y·8 juice, 2% agar medium. Plugs (3 mm in diameter) o( sporu· 
lating cultures were s101ed at 8°C on a long-term basis in 4-dram 
vials containing 5 ml of distllled waier (5.6). Conidia from 7. 10-
IO·d·old cultures suspended in deioniicd waler served as inocula 

m. 

friuc.,/uiiari of de1•elopin~ t'orn kernels 
Field com (Pioneer Brand '3369A) planted on 76.2-cm ccn· 

ters in a sihy-loam type soil in New Osleans, LA was utilized in 
1hese e~periments. Ten dafter 1he 50% silk stage, each devel· 
oping ear was wounded once with a cork borer (3 mm diameter) 
10 a depth of 5 mm. Each ear was inoculated by applying 20 µl 
of a spore suspension (4.0 "' 10" conidia/ml) lo a wound. 

The treatments were applications of either the to~igenic or 
alo~igenic s1rains alone, the lo~igenic strain followed immediately 
by the ato.\igenic strain 01 the toxigenic strain 24 h after the 
a1o~i8enic s1rain. Wounded, uninoculatcd ears were used as nddi· 
tinnal controls. 'frealmenlS were replicated si~ times (3 ears/ 
replicate) and org~nized into randomized complete blocks. Ex­
periments were performed twice (tests I and 2). Com used in the 
firlH field c~perimem was plonted in mid·April and harve.~ied in 
mid-July ( 1989); com for ihe .~ccond experiment was plonted in 
early May and harve~led in early August (1989). 

ln all experiments. ears were harvested al maturity and dried 
in a forced-air oven al 60~C for 2 d. After drying, ears were kepl 
al room temperature in sealed plastic bags containing silica gel 
desiccant until ana1o~in analysis. 
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l1111c11/uti11n r1/ liun·est<·rl n1n1 ker11,.f.r 
E.irs harvested al ntmuri1y from uninoculaled ponions of the 

above 1eia plot.> were ~~~llc~_:in~ 111F~ke'!1els lltiell al 60°C for 2 
d in a rori.."Cll-air oven. Afli!r· dryfng'."";kefilels were kepi al ronm 
1empera1ure in sealed plas1ic bags containing silica gel llesiccanl 
until used. The initial mois1ure content of the kernels was lleter­
minell according 10 the official method of the American Oil 
Chemists Society (2). 

c:ich of 1hree cars. The 15 kernel~ were ,·h11,~n by flr.<I id~n1il"yi11g ·­
the kernel which lined up with the wuund in the hu,ks. This 
··~en1rul .. kernel was then u"°'d 10 iden1il"y 1he 14 adjacent ken1cb 
whi~h ~onsi~l~d of 011c cnlumn in the kn mW right and 1w11 rnws 
II> 1he 1op a11d bouont 

Sturi.iti1·al unafrsix 
Anuly~es ~ere performed with thc

0

S!a1istical Analy><is S)'S· 
tern (SAS Institute Inc., Caty. NC). Treatment replicates from 
each experiment were ranked. and ranks w~re subiected 10 split· 
plot armJy;es where the 1es1 was the main plot and the 1rca1men1 
was the subplot Difference~ among 1rea1men1 n1eans were deter· 
ntincd by the least significam difference 1es1. r\11 multiple com­

parisons were firs1 subjected 10 analysis of variance. 

RESlJLTS 

In preharvest experiments. the test variable was not 

significan1 (P=0.05) and did nol interact with the rreatment 

variable. This allowed data from both lesls lo be pooled 

(Table I). Very high levels ofaf!atoxin B1 were detected in 

kernels from cars inoculated with the toxigenic strain in lhe 

field. Coinoculation with the aloxigenic strain significanlly 

reduced B1 quantities, as did inoculation with the atoxigenic 

slrain 24 h in advance. 

T~n g of kernels in 50-ml Etlenmeyer nasks wete either 
inoculatell with a single fungal ~train. or a mixture (1: I) of the 
1oxig1mic am! atoxigenic str&ins or hydra tell with sterile. deionized 
waier alone. Conidia for each inoculation. approxima1ely 4.0 x 
10" per strain tested, were suspended in the amount of deionized 
water needed 10 bring kernel moisture content to 22% upon 
npplica1ion. Flai;ks were subsequen1ly scaled with Styrofoam plugs. 
covered with aluminum foil, and incubated al 28°C for 12 d. The 
con1cn1s were then dried in a forced-air oven al 60°C for 2 d 10 
halt fungal activity and prepafe the sample for anaioxin analyses. 
In a second set of postharvcst experimerns. the· above protocol 
was altered 10 simulate aspects of postharvesl stotage. In these 
iC'sts. all inocolum suspensions and wmer controls contained a 
surfa~1ant (0.02% Tween 80} w improve seed coverage. After 
either inoculation with a single fungal ~train or hydration 10 22% 
moisture content with deionized water, kernels were incubated for 
24 h m 28°C and then dried at 45°C for 3 din a forced-air oven. 
Dried kernels were stored 8 d at 28°C and then rehydrated to 22% 
with either a suspension of spores (4.0 x 10') of a toxigenic strain 
or distilled wmer. After rehydration, nasks were incubated for 12 
d at 28°C, dried. and analyzed for anaioxins. 

All experiments were performed twice and replicated six 
times: each repl~cate consisted of one flask. 

Af!atoxin B1 levels in kernels coinoculaled wilh lhe. 
toxigenic and aloxigenic strains after harvesl were also 

significantly lower lhan levels de1ected in kernels inocu-

Afluta.rin anaJyses 
The anaioxin B, eon1ent of replicates from both the pre harvest 

and the pos1harves1 studies was determined with offi~ial methods 
of the American Oil Chemists Society (/). Toxiri was iden1ified 
by thin layer chromaiogtaphy (TLC) and quantified directly on 
lite TLC plates with a scanning densitometer with a f\uorome1ry 
auachment I Model CS-930; Sltimadz.u Scien1ific Instruments, fnc .• 
Tokyo. Japan). In the case of the pteharvest tests. each replicate/ 
sample to be armlyzed contained 45 kernels J 12 to 13 g). 15 from 

lated wilh lhe toxigenic s1rain alone (Table I). Also, as in 

the preharvest experimen1s. the test variable was nol sig­

nificant (P=0.05) and did nol interact with lhe trea1ment 

variable, allowing data from both tests to be pooled. Sig· 

nificanlly less B1 was produced postharvest in kernels 

inoculated with the atoxigenic strain alone lhan in the 

uninoculated control. 
In postharvest tests where harvested kernels were in­

oculated with the atoxigenic strain before the loxigenic 

s1rain (Table I), a significant (P=0.05) in1erac1ion be1ween 

TABLE 1. A.floto.rin ~r1ntenr of rom kernels wnund·ino~·ufaied in the field or innnilared after liarvest with arO.riRenic and toxigenlr srrains 
of A. navus. 

Aflmoxin B, comenl or kemels Jµg.lg)' 
Pn:ha"'"" PorihoNe.i eoinoculo1ion PosihoNCSI prior inocul:llion' 

Tn:oimen1 Test t Te,1 2 Combined Tes1 t Tesi ~ Combine><! Tell t Tesi 2 

Toxigcnic 3.045 2.146 2,595 a 16.044 13.534 14.789 a 30.385 a 23.976 a 
A1oxigcnic 9 0 5 ' 14 '"' 100 d 218 c 14.040 b 
Comrol- 0 0 ,, 1.046 1.254 1.150 c 135 c 6.715 b 

uni11oculated 
Atoxigenic' IOI 179 140 b NA' NA NA 5.118 b 7.844 b 
before 
toxigenic 

Coinoculation 1'4 912 54R b 3.909 2.62R 3.269 b NA. NA 

'Values followed by the same le11cr are not signiflcan1ly lliffercn1 by the lcas1 significam difference test 
'Values for replicates from 1es1s I and 2 were not combined because a ~·ignificanl inierJcliun occurred between the 1es1 and 1remmem 
variables. 
'Kernels were inoculated with the aluxigenic strain 24 h before the 1oxigenic strain in pn:harve~1 prior inoculation experimen1s. ln 
P<Jstharves1 prior inocula1iun experiments. kernels were i~oculated with 1he uwxigenic s1ruin. incubated for 24 h. then driell and stored 
for 8 d. before inoculation with the mxigenic strain. 
'NA =Nm applicable. 
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lhc lesl und lrcatmcnl variables occurred. Thus. data from 
these two 1es1s were not combined. Inoculation with the 
a1oxigcnic s1rain prior 10 the 1oxigenic strain significantly 
reduced B, in both tests when compared 10 kernels inocu­
lated with the 1oxigcnic strain alone. In test I. levels of B, 
in the atoxigenic and uninoculatcd control treatments were 
significantly lower than in the kernels inoculated with the 
1oxigenic strain after the atoxigenic strain. However, in 1es1 
2. the levels detected in these three treatments did not differ 
significantly. 

DISCUSSION 

Populations of A.jlai·us in agricultural fields are com­
posed of strains that vary widely in afla1oxin-produeing 
ability, and this ability is apparently unrelated 10 a s1rain's 
potential to infect and colonize host tissues (6,7). These 
observations suggest that naturally occurring atoxigenic 
strai.ns may be able to outcompete toxigenic strains during 
infection of developing crops and thereby prevent aflaioxin 
contamination (6). Several fungi can interfere with afla­
toxin production on anificial media or other sterile sub­
strates (9,13J6). However, the biocon1rol potential of 
those fungi 1ested in developing com, grown under con· 
irolled conditions, is inadequate in preventing aflatoxin 
production by A. jla1•us (18). Greenhouse experiments 
verified the biocontrol potential of atoxigenic A. jlavus 
strains on couon (7). Part of the attraction of controlling 
aflatoxin contamination with strains of A. jlaPus relates 10 
the theoretical ability of the atoxigcnic strains to be active 
under the same environmental conditions where A. jlav11s 
1oxigenic suains are active (7). This abiliry was tested in 
the field experiments presented here and the results suggest 
this speculation may have merit. The atoxigenie strain of A. 
jlavus was very effective at preventing contamination of 
com under field conditions favoring high levels of aflatoxin 
contamination. 

The atoxigenie strain used in these studies was is.olated 
from soil collected in a eouon field in Arizona. There may 
be some adaptation of A. jlarus 5trains to panicular hosts 
or regions. J(adaptation does exist, even greater control 
could be provided by a1oxigenic strains obtained through 
lhe screening of com field populations of ii. jlai'rrs from 
particular growing regions. 

A. jlavirs comes in contact with com kernels prior to 
harvest and remains wilh the crop throughout harvest. 
storage, a'nd even use (//). The potential for aflatoxin 
conlaminalion 1hus .exi~1s both before and after harvest 
(//).The atoxigenic strain reduced con1umina1ion by 76 10 
81% when shelled kernels were coinocula1ed with toxi­
genic and atoxigenic strains. Strain efficacy was also 
demonstrated in lhc experiment where dried ker.ncls were 
ex.pose<! to a simulated breakdown in storage conditions. 
These observations indicate potential use of a1oxigenic A. 
jlal'US strains to pre~ent postharvest infection and subse­
quent contamination by toxigenic strains. In two out of four 
poslharvest 1es1~. there wa~ a significan1 decrease in afla­
toxin delecied in kernels inoculuted with lhe atoxigenic 
strain, when compared with the uninocula1ed control. This 
may indicate postharvesl application of aioxigenic strains 

has potential to prevent pos1harvcs1 cnn1an1ina1ion of com 
b'y strains associated with the crop in the field. Failure 10 
see reductions in all four tests may be due 10 interference 
from uncontrolled microbial activity. Since experimental 
conditions were designed to exclude steriliwtion. kcn1el 
microflora may have differed considerably in each 1es1. 

Very low amounts of af\a1oxins were detected in com 
inoculated in the field 1Vith the a1oxigenic strain alone. 
Toxin was present in only one replicate in one 1es1. This 
contamination may be due 10 chance in1rodue1ic:m of a 
toxigenic strain endemic 10 the field. 

In test 2 of the postharvest prior inoculation experi­
ment, atoxigenic strain efficacy was significant bui not as 
great as in other tests (Table I). This apparent reduced 
efficacy is due to a single high value. 
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Abstract 

Aspergi//11s flrn•us, !he causal agent of atlatnxin 
contamination of couonsecd. ls a complex species composed 
of mJny distinct vegetative compatibility groups. Isolates 
belonging to different vcgctntivc compatibility groups may 
produce widely different quantities of atlatoxins. Some 
naturally occurnng isOIJtCS of A. jlav1rs produce no 
atlatoxins. Some of these atoxigenic strainS have the ability 
lo competitil'cly exclude aflJtoxin-producing strains during 
crop infection and thereby reduce Jfiatoxin contamination. 
In both greenhouse and field-plot tests atoxigeoic strain 
efficacy has repeatedly been demonstrated. A. fla11rrs 
communities resident in soils vary among agricultural fields 
in ana1oxin producing capacity. Field-plot tests suggested 
that applications of atoxigenie Strains may provide long-tenn 
reductions in the anatoxin producing potential of fungi 
resident in treated fields. Tests to evaluate the longevity of 
changes to A. jlal'llS communities induced by J(Oxigenic 
strain applicJtions were initiated in 1996 under an 
Experimen!lll Use Permit (EUP) issued by the EPA. The 
experi1nemal program outlined in the EUP called for 
treaunents over a three year period ( 1120 acres total) and for 
monitoring theA.f/a<'lrsco1nmuni1y from 1996through 1999. 
Different treaunem regimes were applied 10 different fields 
with some fields receiving treatment only in a single year and 
othef'i recei\'ing treatments in ntulliple ycaf'i. 

S1erile wheal seed colonized by an atoxigenic strain was 
applied to 22 lields rJnging in size from !Oto 160acres fron1 
1996 to 1998. The material was applied either by air or 
ground at the rate of I 0 lb. per acre. Crops were treated only 
once. In order to monitor chJnges to the composition of A. 
flnvrrs communities. soil satnplcs were collected prior to 
application each year. Fron1 t996 through 1999 over 8,000 
isolates of A. f/a1>11s were cultil'ated from soil samples taken 
from the treJtmenl areas. Isolates were characterized by 
strain and those assigned to the L strain or A. Jlavi1s were 
fur1her charJcterized by vegetative compatibility analysL'i in 
order to determine Jpplied strJin distribution. 

01te )'ear after appliclllion, atoxigenic strain incidence was 
greatly increased and incidence of the highly toxigeuie S 
strain was greatly decreased in all treated and many adjacent 

R<1"1n><~ from '~' f'n•c«1!m." 1if•lte 8<1,.,111< Co1'oo Cooj""''"' 
Volo•"' I• 148-148 12000} 

Nalio":.J Co"'" Co""';1, M,~;, TN 

- ---· -- --------------

148 

/0 
fields, The applied strain incidence gradually declined by the 
second year after application. However, ei·c11 l\'ilh this 
decline, the atoxigenic strain re1uained in tremed fields at 
levels significantly higher than prior to treatment The 
incidence of the applied strain in fields adjacent to treJted 
fields was vanable indicating possible directional 1nove1uent 
of the strain from treJted to untreated fields. ln some 
locations crop Jnd crop stage were apparently intportJnt 
determinants of innuences beyond treated fields. 

One of three fields treated in 1996 was not suhsequen!ly 
treated. Incidence of tltc atoxigenic strain went from 1.890 
prior to treatment to 96% one year after. 52% two years after, 
and 47% three yeaf'i after treatment. Long-term innuences 
on the incidence of the S SlrJin also occurred with a 52% 
incidence pretreatment and only a 2% incidence three yeaf'i 
after applicatiou. Overall. the results suggest that long·tenn 
useful reductions in the allatoxin-producing potential of 
fungal conununities car, be Jchieved by atoxigcnic strain 
application. 
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ABSTRACT 

Colly, P. J. 1994. Influence of field application of an a1oxigcnie strain 
oi Asporginus Jin.vu, on 1hc popu!a1ions of A. flnvus infecting eonon 
bolls and on 1hc aflato~in con1cn1 of eo1tonseed. Phylopnthology 8":127(). 
!277, 

,'\n a1ox1genic s1rain of ,.! rpetgillus flavus was applied to soils plan1ed 
"ilh couon in Yuma. ,.\rizona, 10 :uscss the ability of the a1oxigenie 
strain to competitively e~dude afla1oxin-producing strains during eouon 
boll infee1ion and thereby prevcn1 afla1oxin cantamina1ion of eo11on•ced. 
ln bo1h 19S9 and !9Q-Q. 1he alo~igenie strain displaced 01hcr infecting 
.irains during con on boll developmenL Oisplaecmenl was assueia1cd with 
signir.eanl reductions in 1he quan1i1y of a1fa1oxins eontamina1ing 1he crop 
at mal uri1y. All hough frequency of infee1ed loi:Ules differed !>cl ween years 
! 1% versus 25%1, in bolh year• displacement occurred wi1hou1 increases 
in the amount of infee1iun as measured by lhe 9uan1ity of loeulcs with 
brighl·grccn·yellow-fluorcseenec (BGYFI. ln 1he low infce1ion year I !990), 
ioi:ulcs exhibiting BGYF were anal.vied indi,·idu~lly for botn incidence 
of 1hc applied strain and aflJlo.<in eon1en1. ln 1he high infection year 

Aflatoxins are 10.\ie. carcinogenic fungal metabolites produced 
by certain isolates of the species A:rpergil/usflavr.u Link:Fr .. A. 
parwirlcus and A. nomiw (37J. Concern for human and animal 
health has led to regulatory !imitations on the quantity of afia· 
1oxins permiued in foods and feeds throughout most of the world 
(40!. The most 1oxie and highly regulated aflatoxin is B1 (40,33J. 
Afiatoxin contamination has long been a concern for several U.S. 
crops and' for animal industries that depend on susceptible crops 
for feed (33). Whole Couonseed and couonieed products are 
commonly fed to vario\\S livestock, including _dairy cows. Afia· 
1oxins in contaminated seed ean be readily transferred to milk' 
in slightly modified form (32,35). U.S. regulations prohibit afla­
to:Xin concentrations over 0.5 µg/kg in milk. Dairies producing 
milk tainted with unaeeeptabk: afiatoxin levels can have milk 
destroyed and entire operations temporarily shut down and quar­
antined (26J. To prevent unacceptable afiatoxin levels in milk, 
the ri:gulatory threshold for aflatoxin B, in cottonseed fed 10 
dairy cows is 20 I'S/kg (32.33). 

Populations of the primary causal agent of aflatoxin eontamina- · 
tion of cottonseed, A. jlavus. are highly complex and composed 
of strains that differ morpho!ogiea!ly, physiologically, and gene· 
tieally (4.6,14). Differences among strains in ability to produce 
aflatoxins are well known (24) and afiatoxin-produeing ability 
is not correlated with strain ability to colonize and infect cotton, 
Go:rsppium hir,surum L. ( 14). These observations led to the sugges· 

Tnis anielo Is in tne public domoin and not eopy•i9Ktllblo. ll may t>& lrO(!ly 
rcpnnlnd wilfl eus1ornary ereoii.ng o! 1Ke ~ouree TK~ American PKy10-
oolflo1agieo1 Society. t994. 
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fl989!. infected recd from each rcpliea1e plot f32101all were pooled and 
analyzed for bo1h allato~in ind meidcnce of the re!ellSCd ttrain. Rcsuks 
of 1he latter anal}"•• indicate an inverse relationship ft "' 0.71, P < 
0.00!) between aflatoxin content and the percent seed infected by 1hc 
applied strain. ln 1990, quanti1ies of A.flavw on ma1ure crop surfaces 
did nol differ l>c1wcen 1rea1ed and umrealed plo1s. When reisola1ed from 
the infee1ed crop the applied nloxigcnic strain re1ilined tne a1oxigenie 
phenotype. Mo•t infcc1ins strains beloniing to other vege1ative compati­
bility groups did produce detee1ablc quan1i1ier of aflatoxin B, in liquid 
fermcnta1ion. The applied a1o~igenie Slrain spread from 1reaied plois 
10 untreated controls al diffcrcnl ra1es in the 1wo )'Car• and aeeoun1cd for 
7 and 25% of A.jlavws s1rains isob1cd from infected loi:ulc• in untreated 
con1rol plo1s in 1990 and 1989, r .. pce1ive!y. The n:sulu sugge" that the 
aflatoxin-produeing po1cn1ial of A, flovw populations associated wi1h 
crop prcduel ion can be n:du«d in order 10 reduce :Ulatoxin'eontamina1ion. 

Ad1irionaf k~,vwoniI; biocornpe1i1ion, biological con1rol. populaiion dis­
plaeemen1. 

ti on that atoxigenie str3ins of A.j7ovus might be used to exclude 
10.\igenie strains through competition during infection of develop­
ing crops and thereby prevent afiatoxin contamination ( 14,20). 
!n both greenhouse and field experiments, wound inoculation 
of developing eouon bolls and corn ears with 1oxigenic and atoxi­
genie strains simultaneously led lo reductions in afiatoxin con­
tamination of the developing crop pans as compared with con­
trols inoculated with only the to;1:.igenie strains (9, !SJ. Atoxigenie 
strains were effec1ive at pre,-enting postharvest afla,toxin con­
tamination both when the crop was infected naturally in the field 
and when inoculated after harvcst{9J. Similarly, in special environ­
mental control plots, peanuts were protected from preharvcst 
aflatoxin contamination by irrigating the developing crop with 
conidia! suspensions of A. parasiricus strains that accumulate 
specific afiatoxin precursors (Le. 0.methy!sterigmatoeystin and 
versieolorin-AJ but not afiatoxins (2SJ. 

Aflatoxin contamination of cottonseed can be minimized by 
early h3rvest, prevention of insect damage, and proper storage 
(l 7, IS), However, even under careful management. unacceptable 
afiatoxin levels may occur from unpreveK!ab!e insect damage to 
1he developing crop (22J or from exposure of the mature crop 

·10 moisture either prior lo harvest (!SJ, or during storage in 
modules (36!. handling, transponation, or even use ( ! 7). Competi­
tive exclusion of afiatoxin-producing strains of A. flovus with 
atoxigenie strains of the same fungal species may provide a single 
method for preventing aflatoxin accumulation throughout crop 
production and utilization ( ! !, 14, I S.20J. 

In the United States, aflatoxin contamination of couonseed 
is most consistent and seven: in 1he irrigated western desert valleys 
where most con1amination is a,o;sociated with pink boUworm dam-
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age ( l 7 .22). Contamination levels are highlv variable within fields, 
plants. and e,·en bnlls ( 17 .22.30! and eonta.mination is often asso­
ciated with bolls exhibiting bright-green-yellow-nuoreseenee 
1BGYF) on the lint under ultr~violet light(2). BGYF occurs wb.en 
kojie acid produced .bY A._flavu.1 tcaets with pero.~idases in devel­
oping eotton bolls (3l): therefore. BGYF indicates boll infeelion 
by A.flavus prior 10 boll maturity via wounds (i.e., pink bollworm 
exit ho!es) or infection of pania!ly open bol!s ( 18,28). Beeause 
bolls infected through wounds during development aeeumularc 
very high anatoxin levels (13.22!, when BGYF is detected. most 
allatoxin contamination is associated with the component of the 
erop e.xhibiting BGYF (2.18,36). During seasons when aflatoxin 
contamination is severe. A. flavus populations increase as lh_e 
cotton crop is produced 129). !n theory. application of an ato.xi­
genie A. flavus strain early in the season should permit the atoxi­
genie strain to eompeie with resident toxigenie strains both during 
erop infection and during population increases associated with 
cultivation f 11 ). Results of greenhouse studies suggest that the 
end result of this competition might be reduced aflatoxin in the 
erop (9.15.21). The current study sought to determine effieaey 
of an atoxigenic strain in preventing aflatoxin contamination of 
cottonseed produced in an irrigated desert valley in western Arizona. 
Summaries of preliminary aspeets of this Work have been pub­
lished (-16,19). 

MATERlALS AND METHODS 

Culton$ and inoeulum prepar•tion. Atoxigcnie A.flavus strain 
A F36. previously shown in greenhouse tests 10 exclude aflatoxin­
producing strains competitively during infection of developing 
eonon boll$ was used in all field tests (15,21). Aetive cultures 
were maintained in the dark al 32 Con a modified V8 vegetable 
juice medium 151 2 agar. 5% v.g vegetable juice. 2% agar, pH 

.. . . 
0 0 I I 0 0 I I a: 0 . . . 

I 0 I 0 I 0 I G I o: I . . . 
I I 0 0 I 10 0 1:1 0 . . . . . . . . . . . l 10m 

. . . . •• 

!•m 

fii- l. Field ploi design of lh• 1989 ex~rimonl, whieh eoniainod iwo 
unlreat«I eonirols and eigh< roplieaio blocks. Eaeh replioal• block was 
76 m long and l l rows wide ( l m eemors!. Wheal= area whore autoclaved 
wheal Sttd colonized by A. flo~us nrain AF36 was applied: Spray= 
area whore aeonidial suspension oJ AF36 was applied; Control= sampling 
area for umroaied control. . 

5.2) l 14!. F.:ir long-term storage, plugs 13 mm in diameier! .:if 
sporularing cultures were submerged in 5 ml of sterile distilled 
Water and kept al 4 C (14). 

Two typos of inoeulum were produced. Conidial suspensions 
were produced from 14--day-old cultures grown as ab.:ive. Plates 
were flooded with O.Olo/a. wlv, Triton X-100. tb.e eolony surfaee 
was agital<:d with a rubber policeman 10 dislodge the spores, 
and spore eoneentrations wete determined with a hemaeytometer. 
Suspensions were diluted to 2 X 10' spores: ml in 0.01% Triton 
X-100. The second form of inoeulum was autoclaved wheat seed 
ihal had been colonized by Af36 (20). Whole red winter wheat 
was purchased from a health food store. autoclaved (I h. 120 CJ. 
allowed to set at room temperature for 18 h. and autoclaved 
again. Wheat was dried in euhure bottles with loose eaps in a 
forced air oven at 60 C for:! days. The wheat was then seeded 
witb. AF36 (approximately 200.000 spores per milliliter) in suffi­
cient water to bring the moisture level of the wheat to between 
20 and 25o/o (wfw!. Subsequently. 220 g of wheat was incubated 
in each 490-cm~ roller bottle (Corning, lne .• Corning. NY) on 
a roller drum (5 RPM. 28 C, 7 days). During this incubation 
the fungus grew in the folds of the seed and under the seed eoat 
but very few or no spores were produced and the appearance 
of the Wheat remained unchanged. 

field plots. In both 1989 and 1990, at the Yuma Val!ey Agri­
cultural Center near Yuma. AZ. eotton (cv. Deltapine 90) was 
planted in mid-March (9 March 1989 and 14 March 1990) on 
a ~ilty clay loam soi! in rows on l-m centers. ln both ~ars, 
fields were furrow-irrigated eight times including a preplant irriga­
tion. The experimental design in 1989 was a randomized complete 
block design augmented with an additional untreated control and 

•= Control D=Wheat treatment e ·- ···-·--····-

• • • 
• • 

J1s m 

=:Jsm 

-- .• 

··-···. :·····' 

. .. 
4 ••• ' • 

Fii. i. Field ploi design of the 1990 experiment, Whioh eonia.in«I only 
one ireaimem and one untreated control. Each replieaie block W!1$ 75 
m long and 8 rows wide (I m centers). Wheat= area where autoclaved 
wheat. $«d eoloniz«I by A. flrww nrlio AF36 was appli«I; Conirol = 
sampling area for untroat«l oontrol. 
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replieated eight rimes {fig. l). Eaeh block contained I J 76-m 
rows of eolton and only the center row was treated. Treatments 
were applied to 5 m of row and were separated within the row 
by 15 m of untreated eouon. A seeond untreated eontrol. desig­
nated conuol 2, was positioned in the first row of eaeh bloelc: 
tFig. I[. In 1990 the bloeks were redueed to thr~ rows and only 
the wheal [reatmenl was used (fig. 2}. The treated areas were 
5 m long and three rows wide and only 1he center row of each 
treatment was sampled. The blocks were separated by two 
11ntrea1ed rows. Treatments in blocks I, J, 5, and 1 started 5 
m into the field and were separated by 55 m of untreated cotton: 
ireatments in replicate bloeks 2. 4. 6. and 8 staned 25 m into 
the field and were separated by 15 m of untreated Cotton (fig. 21. 

Fields used in the 2 yr were l.2 km apan. The field used for 
the 1989 test had been planted with eolton for 2 yr immediately 
prior 10 the [CSt and a winter fallow was maintained. Jn both 
prior years greater tha.n 15% of the bolls were infested with pink 
bollworms and harvest was delayed. permitting pink bollworm 
diapause. The average aflatoxin 8 1 eon tent of the cottonseed crop 
prndueed in this field exceeded l.000 µg/kg in both prior years. 
The field used for the 1990 test wru; planted to winter vegetables 
immediately prior 10 the tesl. Practices typical of commereial 
operations in the Yuma area were followed except, in order to 
inetease both the ineidenee and the homogeneity of afl01toxin 
eontamin:nion, insec1ieidal sprays to eontrol the pink bollworm 
were not applied. as previously described ( 18,22). The test organ­
ism. AFJ6, was applied prior to first bloom (24 May [9g9 and 
I} June 1990) when the plants were J0-60 em in height. The 
ato~igenic strain was distributed either by spray!ng plants (spray 
treatments) with a conidial suspension (2 X 10' spores/ml at a 
rate of IJO ml/m row length) or by spreading eolonized wheat 
seed [wheal treatments) on the soil beneath the eanopy at rates 
of I 10 g and 8.4 g oven-dry weight per meter of row length in 
19g9 and 1990, respectively. On 14 September I 9g9and 25 <ktober 
1990, approximately 2 kg of the mature crop per treatment per 
replieate was harvested by hand from a continuous s.cgment of 
the treated 01rea. All bolls on eaeh plant were harvested, dried 
in a forced-air oven at 60 C for J days, and stored in sealed 
plastic bags at room 1emperature u01il analyzed. 

Sorting and quantifieation of loeulH infected prior to matura· 
tinn. The pereentage of the crop infeeted prior to maturation 
was based on the pereentage (by weight) of loeules (there were 
three to five locules per boll) with BGYF ( 14)_ To reduee variability 
among determinations of aflatoxin eon tent, the aflatoxin eon tents 
ofloeules with BGYF and locules wi'1 hout BGYF were determined 
separately ( 18). In l 9g9, seeds from the BGYF locules were delinted 
with a small laboratory gin and sound seeds exhibiting BGYF 
on the !inters (small hairs not removed by ginning) were removed 
and divided into two ponions, one for aflatoxin analyses a.nd 
one for determination of the ineidenee of AFJ6. In 1990 there 
was a very low incidenee of BGYF loeules due to low pink boll­
worm damage. Therefore, BGYF loeules were not proces$ed with 
a gin. Instead, a single sound seed was removed from caeh BGYF 
locule for fungal isolations and the remainder o(eaeh locule was 
analyzed individually for aflatoxin eontent. 

Anatoiin eon tent of the erop. In l 989, 25-8 portions of whole, 
ginned eottonseed were pulverized and extracted as previously 
describ-ed (I J, IS). Seed was pulverized with a hammer and added 
to 200 ml of acetone and water {85: 15). The mixture was shaken 
for l5s, allowed to set overnight, and filtered through ii nuinber4 
Whatman filter paper. A 100-ml ponion of the filtrate was mixed 
with 100 ml of an aqueous solution of 0.22 M Zn(CH1COO)i 
and O.oog M AlCl1, allowed to set 1-2 h and filtered again. A 
100-ml portion of the filtrate was added to a 250-ml separatory 
funnel; aflatoxin extraetion and analysis were performed as 
described for culture filtrates. Cottonseed exhibiting BGYF on 
the !inters and cottonseed without BGYF were analyzed sepa· 
rately. To reduce variability, two separate analyses (25 g of seed 
e;;eh) of the non-BGYF s~d were performed for eaeh replicate 
of eaeh treatment and the results were averaged to determine 
the value for that replicate. For the 1990 test, the same technique 
was used as for the l9g9 test,' exeept that infected whole loeules 

1272 PHYTOPATHOLOGY 

(minus the single seed used lo isolate the infecting strain) were 
'extraeted individually. 

Moni!orins strxin distribution. The incidence of the vegetative 
eompatibilily group (VCG) of AFJ6 was determined to infer the 
distribution of th:t.t strain. To determine whieh isolates belonged 
10 the VCG of AFJ6. nitrate-nonutilizing (nir) mutants of eaeh 
isolate were generated using modifieations of the previously 
deseribed teehniques (5). These modifications yielded nlr mutants 
of all isolates tested whereil3 the previous technique yi~ldtd 
mutants from only gg% of tested isolate5. Most fungal isolates 
spontaneously seetored into nitrate-nonutilizing auxotrophs 
ll(ithin JO days at 32 C after being transferred to a well in the 
center of the modified selection medium (Czapek-Dox broth 
(Difec1 with 25 g/L KCI03, 50 mg/L rose bengal and 20 g/L 
agar, PH 7.0). A few isolates had to be transferred to the selection 
niedium as many as four times. Auxotrophic sectors were 
transferred from the modified seleetion medium lo Czapck-Dox 
broth with 15 g/ L KCl01 and 20 g/ L agar (pH 6.5. 7 days. 32 C) 
in order to stabilize the mutants. Mutants were subsequently 
grown on 5/ 2 agar and stored in sterile water, as deseribed above, 
until used in complementation testS. Assignment of isolates to 
the VCG of AFJ6 was made on the basis of eomplementation 
tests (4) between niaD- (defieient in the struetural gene for nitrate 
reductase) and cnx (deficient in a molybdenum eofaetor) tester 
mutants (eharacterizcd by the method of Cove)(2J) of AFJ6 a.nd 
an uncharaeterized nir mutant of the isolate to b-e assigned. Due 
to difficulties eaused by the eonidial nature of A. flavw and the 
instability of some mutants. only one eomplementation test was 
perfurmed on eaeh plate. Three wells (J-mm-dia), 2 cm apan. 
were eut in a triangular pattern in the eenter of the medium 
(20-25 ml) contained in 9-cm plastie petri dishes. The eomple­
mentation medium consisted of Czapek-Dox broth adjusted lo 
pH 6.0 with 2 N HCl, solidified with 2% agar(Bacto·Agar. Difeo) 
and supplemented after autoclaving with Nitsch and Nitseh 
vitamin solution {Sigma) at twice the recommended eoneentration. 
For eaeh complementation te$l, one well eaeh was seeded with 
the AFJ6 tester mutants and one isolate mutant. Complementa­
tions occurred within 10 days at J2 C. A total of 544 a.nd 166 
isolates were assessed with this rilethod for the 1989 and 1990 
tests. res peel ively. 

The isolates used in the vegetative compatibility tests were 
obtained as follows. In 1989, 10-12 isolates of A. flavw from 
each replicate-treatment (384 total) were obtained from ginned 
seed with BGYF lin1ers. Jn 1990, isolates were obtained from 
one seed eaeh of J4 BGYF locules (Jg BGYF locules were har­
vested and four did not yield an A. flavw isolate; 16 of the 34 
were from wheai treatment replieale plots; [g of the ]4 were 
from eontrol replieate plots). Seed was wetted with a few drops 
of 95% ethanol, delinted for J min in eoncentra1ed sulfuric acid, 
washed three times in deionized water (2 min each), surface 
sterilized with 95% ETOH for J min, plated on the modified 
rose bengal medium described under qua.ntifieation of fungal 
populations and ineubated at 32 C 5-10 days. A. flavus eolonies 
were transferred to 5/2 agar and stored in sterile water, as 
described under eultures and inoculum preparation (above), until 
used to generate nir mutants. In 1990, A. jlavus strains resident 
on the surfaces of the mature crop were also isolated. Three isolates 
per treatment per replica1e(48 total) were pieked from the dilution 
plates used to quantify these populations (below). In both [9g9 
and 1990, strains resident in soils both prior to application of 
AFJ6 and after harvest of the crop were isolated (two isolates 
per rCplieate treatment) from dilution plates used 10 quantify these 
populations !see below). To remove bias from eolony selection, 
discrete colonies closest to plate eenters were ehosen. 

Quantification of funr•l popul1tions. Populations of A.flavw 
in the soil were enumerated both l day before to application 
of treatments and l day after harvest in 1989 and 1990. Soil 
samples (35-50 g) from the top 2 em of soil beneath the eanopy 
were taken from eaeh treatment-replieate. Two samples (48 total, 
no soil samples were taken from seeond untreated eontrol) were 
taken on eaeh date in 1989 and one sample (16 total) was taken 
on eaeh date in 1990. Soils were dry (powdery) at sampling and 
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were sealed dry in plas1ie vials ac room cempera1ure un1il assayed 
wi1hin J mo. Populacions in silmples were enumerated by dllu1ion 
pla1ing on a modification of1he rose bcngal medium of Bell and 
Crawford (7). The modified rose bengal medium eoncained the 
/oJJowing per Ji1er: JO.O g o/ NaCl, 3.0 g o/ sucrose, 3.0 g o/ 
1\'aSO,, 0.3 go/ KH1PO,, 0.7 g of K1HP04 , 0.5 g of MgSO~ 
7H 10. 0.5 g of KCJ, 0.7 mg o/ NazB,01 JOH10, 0.5 mg o/ 
(NH,).Mor024 4H10. JO.O mg o/ Fe1(SOr)i 6Hi0, 0.3 mg of 
CuSO, 5H 10. O.J J mg of MnSO, HiO. 17.5 mg o/ ZnS04 7H10, 
50 mg of ehloramphenieol, 10 mg of diehloran, 25 mg of rose 
bengal. SO mg of s1rep1omyein sulfate, and 20 g of agar. In 1990, 
che quanlity of A. j111vus: superficially associated with the mature 
crop al harves1 was also de1ermined. Samples o/ seed-<:onon (2S g) 
withou1 BGYF were plaeed in culture bottles (J L) containing 
250 ml of 0.01% Tricon X-100. Subsequently !he bonks were 
shaken vigorously J min, allowed co senle S min and shaken 
again. The quan1i1y of A. f111vus propagules suspended in che 
liquid was !hen de1ermined by dilu1ion pla1e 1eehnique on che 
modified rose bengal agar. 

Seicn1ifie Jn~irumencs, Jne., Tokyo] J34). The limi1 of de1ee1ion • 
was J µg/ kg euhure medium. 

St•tistie•l an1lyses. Analyses were performed wi1h ih.e S1a1is­
tieal Analysis Sys1em /SAS lnstilu1e, lne .. Cary, NC) and 
Mieroso/t Excel. ANOVA was used 10 1es1 diffen:nees among 
ireat_ments prior co application of multiple comparison ceehniques. 

RESULTS 

lneidenee of BGYF. /n 19g9_ there was a grea1 deal o/ pink 
bollworm damage (over 3Qlit o/ 1he bolls were in/ested) and sub· 
sequenl in/ee1ion o/ developing bolls by A. flt1vus resulted in 
a high pereen1age o/ locules /22 ± 2% by weigh!~ Table I) tha1 
were positive for BGYF. In 1990, there was liule pink bollworm 
damage (Jess 1han 5% of bolls were infested) and !here were 
rela1ively /ew loeules wi1h BGYF (0.9 ± 0.1%). In both the 1989 
and 1990 tests, the pereen1age o/ loeules infee1ed prior 10 boll 
maturity (BGYF loeules) did noc dif/er signifiean1ly (P = 0.05) 
among creatments. 

Anatoxrn content of the erop. In both years, BGYF seed from 
plo1s 1reated wi1h colonized wheal seed eon1ained signifiean1ly 
less aflaioxin B1 chan BGYF seed /rom untrea1ed eon1rol plocs 
(Table J). The aflatoxin 81 eon1en1 of1he BGYF ;ecd was 75-82% 
lower than 1he controls in 1989 and 99.6% lower in 1990. In 
1989, 1he quanti1y o/ toxin in the seed not exhibiting BGYF was 
also decermined. Only 2.6% o/ 1he de1ee1ed aflatoxin occurred 
in seed not exhibiting BGYF and the quantity did not di// er signifi­
eanily among treatments. 

The quancily of afia1oxin Bi in the BGYF seed /rom the 1989 
crop was.inversely eorrela1ed wi1h the pereeniage of i$olaces from 

Anaioxin-produeing phenotypes. An es1ima1e o/ the speeirum. 
of aOatoxin-produeing pheno1ypes among isolaces.infec1ing the 
J989 erop was made by decermining the ability ofinfee1ing isola1es 
to produce anatoxin in liquid /ermen1ation. From euh replicate 
bloek, cen isola1es in 1he VCG o/ AF36 and )0 isolates not in 
chis VCG ( 160 isolates co1al) were ehe.:ked /or aflatoxin production 
in the liquid medium of Adye and Ma1eks (I) wi1h 3 g/L NH,SO, 
as che nitrogen soureeas previously described (21). Foreaeh isola1e 
approximately 3.5 X 10' spores were added 10 a single Erlenmeyer 
Oask J 2SO ml) eon1aining 70 ml o/ medium. Flasks were incubated 
in !he dark on an orbital shaker(J50 rpm) for 5 days, afcer wh.ieh 
cime 70 ml of aee1one was added 10 eaeh flask 10 ex1raer the 
afiato:tins /rom 1he myeelium. Cuhure filtrates containing SO% 
aeecone (v/v) were fihered 1hrough number 4 Wha1man filler 
paper. Fi/ty millili1ers o/ filtrate W:l.'l added with an equal volume 
o/ waler 10 a 250-!Jll separa1ory funnel and 1he s0Ju1ion was 
e:ttraeled 1witt wilh. 25 ml o/ me1hylene chloride. The me1h.ykne 
chloride excraeis were filtered 1hrough 50 go/ anhydrous sodium 
sulfate to remove residual water and 1he sodium sulfa1e was rin~ed 
with an addi1ional 25 ml of mechylene chloride after fihra1ion. 
The rinse and eJC\raets were combined. !hen evaporaled at i-oom 
temperature, and the n:sidual was dissolved in 4 ml of me1hylene 
chloride. Extrae1s and afla1oxin standards (afla1oxins Bi. Bi, Gi. 
and G:) were separaced on TLC pl~tes (siliea gel 60, 250 mm) 
by developmenl wi1h. die1hyl e1her-methanol-water (96J;J) (39). 
Extraecs were ei1her eoneen1raced or dilu1ed 10 permit aeeura1e 
densi1ometry (34) and aflatoxin Bi was quantified wi1h a scanning 
densi1ometer a/cer deveJopmenc (model es-930, Shimadzu 

1ha1 seed belonging 10 !he applied VCG (Fig. 3). Replicate bloeks • 
containing high ineiden~s of the applied VCG had low aflatoxin 
content and viee versa. Complete analyses were sueeess/ully per· . 
formed on a 1otal of 34 Joeules exhibi1ing BGYF on 1he lint 
in 1990. Only one o/ JS Joeules /rom which an isola1e belonging 
10 the AF36 VCG was isolated eon1aincd detectable quan1ities 
of aflatoxins (Fig. 4). However, aflatox.in w;u detected in J3 of 
16 locules (81 '70) /rom which ao isolate oOI belonging to the applied 
YCG (the AF36 VCG) was isolated. Loeules /rom which the 
applied VCG was isolated contained signlfteantly (P = 0.05 by 
S1uden1's r-1es1) less afla1oxin 1han loeules from whieh 01herVCGs 
were isolated (0.2 µg/g veuus 65.9 µg/g). Mos1 Joeules (63%) 
/rom whieh other VCGs were isola1ed eon1ained over JO µ.g/g 
(fig. 4). 

Strain distribution. Nitrate·nonutilizing mu1an1s were gener· 
a1ed for all isola1es examined (710 1otal). Prior to appHeation 
of AF36, the ineidenee o/ iu VCG in 1es1 field soils was one 

TABLE 1. lnflucncc of llloxigcnie AsMrrillw /ltlVW AF36 on incidence of bri1h.~·greco·ycllow-fluom.ccoct /BOYF), o./Jacoxin eooicnl of hl.fVd\ed 
seed eouon, and incidenct of A.fltNUJ nrains infwing and residcnc on surf= of erop 

BOYF /%)' 
Trc-.imcnl' 1989 1990 

Conlrol t 22 a' 0.85 I 
Conlrol 2 , .. NO 
Wheat ,,. 1.0l a 
Spray 20. ND 

Anacox.in B, {J<g/g)' 

1989 1989 1990 
BOYF Non-BOYF BOYF 

39.0 a 
53.S 1 
9.1 b 

36.8 a 

0.7 a 
0.8 a 
G.5 a 
1.6 a 

8t.81 
NO 
OJ b 
NO 

boillie:i in appLied VCG /%)' 

lllfecting isollla' 

1919 1990 

'" "' ". "b 

7b 
NO 

""' ND 

Swfu:c ilolates' 

1990 

" ND ". ND 

Qu..,,iily ol A.jltNw" 
oo harvested crop 

{propagula/g) 

1990 

28,059 a 
NO 

n.~,. 

ND 
'Control t = untn:aied control in the same row as treated plot.$; Coocrot 2 = untreaied control Kpar1ctd lrom the row wilh 1rc:aled plou by 

four untreaced. rowJ; Wheat = application of colonized whcll.\ 10 Che soil bcoea\b the canopy (110 l and 8.4 g dry weigh! per mclcr row length 
in 1989 and 1990, rc-spectively); Spray= canopy 1prayed with 130 mt pc:r au:lcr of 2 X 101 sporc-s/ml in 0.01% Trilon X·lOO. 

' Pcrc:cnt sted-c:onon exhibi1ing BGYF on a weigh! basis. Encin: loeules of Jc:cd-c:olton were sontd Ui10 !he BGYF ea.ccgory. Loeules exhib{1ing 
even small amounts of BOYF were co11Siden:d positive, 

'Aflacoxin con cent ii expn:s!cd per grum whole iced. Comentr of canon exblbi1ing BOYF and eolian noc exhibiling BOYF were dc1ermined sepuacely. 
• Petcenl ilola\es auigned lO !he Applied vesctaUvc eompa1iblli1y group {VCO) to wb.ieh AF36 bi.longs. on Che bqis of nuxoiroph eomplcmcolatioo. 
Two isollllei pc:r replica le per \n:aimenc wen: a.uessed. ND= no\ determined. 

·ouamily of A.fl/lV!JJ propagulcs w11.1hcd from <ttd-c:mcon wi1h 0.01% Triion x.too. 
'lsollles lrom internal seed ilolations. 
'bola\ts from surface washes ofseed-collon. Three isolaccs per rep~e11c per crca1men1 /48 \olal) were- aase»Cd. 
'Values are avernB~ of eiiht rc-plie•ics. Valuts followed by !ht! slime lt:iter ll1"C iiptlfic.antly differenl by Fisher's pro\ectcd LSD 1e:n. ND= no\ 
dclenoined. 
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of 48 isolates in 1989 and one of 36 isolates u1 !990 fTabk 2). 
By "contra.51. the overall frequency of the AF36 VCG within A. 

Jla•·us soil populations increased by harvest (P = 0.0S by the 
paired r-1es1) 1042 and 63% in ! 989 and 1990. respectively (Table 2). 
Hov.ever. differences f P = 0.05 by analysis of variance) in the 
incidence of the AF36 VCG did not occur among treatments 
in either year and the VCG occurred in untreated control plots 
at a rate of 19 and 56% in 1989 and 1990, respectively (Table 2). 
After harvest. in !989 the incidence of the applied VCG increased 
with distance (R 1 

="' 0.77, P < 0.01) from ihe south border of 
the test field (Fig. 5). A skewed pattern of distribution was not 
evident at harvcsl in 1990. 

The applied VCG was also a.major component of the A. flavus 
population infecting the crop during boll mazuration (identified 
by BG YF) (2, 18) (Table I). Although the applied VCG was isolated 
from a greater percentage of the infected bolls from treated plots 
than from infected bolls from untreated controls. the applied VCG 

0 
0 

~ - • • .,. • x .,, ,, • • : • 
~ 
" • .!1' 
m c -"' c 

• ' • ' • • ' • ' • ' • • ' ' 4 ' 
~ "• ',q~ ... • • 
• •• " '11..iq, 

' 
,, • ' " ~ ' • • • • • ' • ' "' <( • • ' 

0 ' 

' ' 

10 30 so 70 90 

Percent. lso/o1os In appl(od VCG 
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in1crnally 1nfee1ing BGYF seed in 1989 and 1hc quantily of afla1oxin 
Il, deiee1ed wilhin ihai ;ced Ea'h poini rcprc>cms lh• average for a 
replicate plol f4 lrcaimenu X 8 rcplicalcs = 32 replicate plot<). 

was isolated from portions C?S and 7% in 1989 aiid 1990, respcc-
1ively) of infected bolls from untreated plo1s in bo1h years (Table I). 
In 1989, the colonized wheat seed treatment resuhcd in the greatest 
level o{ the applied VCG in the infecting population lt.>7 vs. 45'1-
for the spray 1rea1men! I and, therefore. in 1990 only the colonized 
wheat seed trca1men1 was used. In 1990, the applied VCG was 
isola"ted from al! bolls e~hibiting BGYF and harvested from the 
plots 1rea1ed with colonized· wheat seed. The incidence of the 
applied VCG with111 populations of A .. flavus resident on the 
surfaces of seed-couon at harvest was also determined in 1990. 
Seventy-five percent of isolates from seed-eonon surfaces from 
plots treated with colonized wheat seed in 199-0 were assigned 
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of each loevlc and delcrmincd 10 ei1hcr belong lo lhc applied a1oxi8enie 
VCG or no1, lhrough vc11e1a1ive compatibility test< . 

TABLE 2. Population dcn•i!y of Aspcrglfl.,,ftavw in ioil and incidence of an applied vcgc1a1ive eompa1ibility group {VCG) 

A. fo>vw fpropagi.iles/ g) bola!es in applied VCG {%)' 

Bdore' Af1er' &fore After 

Trea!mcn1· 1989 '"" 19g9 "" 1989 '"" 19&9 '"" Control 2.979' 1,100 4.288 11.038 6 6 " l6 
Wheal 7.822 I .~83 4g,211• SS.858 0 0 ., " Spray 5.~96 ND 6,4-08 ND 0 ND )8 ND 
•control - untrea.1cd conlrol in lhc same ro_w as ireatcd plots; Wheal - applica1ion of colonized wheal to lhe soil.beneath the canop7 lt!O I 
and 8.4 g dry ""''ghl per mclcr row length 1n 1989 and I~. rcspcclivclyl: Spray= canopy sprayed with 130 ml per rn"elcr of 2 X 10 spore![ 
ml inQ,01% Tri1on X-100. 

'Percent isolates ;wigncd to the applied VCG on lhc basir of auxotroph eomplemen!alion. Two lo three isolalc> per replicate fl6 !ollllfreplicatef 
treatmcnl) were .u~sscd. ND= no1 de1crmined. 

"Before' s:implcs were lakcn prior to firs1 bloom on !he day prior to trca1men1 application 124 May 1989 or 13 June 1990) and 'Af1cr' SarQp!es 
were taken the day after harvest ( 14 Scplcmber 19&9 and 2~ ~!obcr 1990). 

'Vlllucs urc averages of 8 replicales. Overall before and a.f1er vlllucs dirfcr significan1ly fP = 0.01) for both 1989 and 19~ by !he pairod r-!!1:1t. 
This holds for both A. jlovw propagules/gram and for pcrci:n! ~pplied VCG. The value dcnmed by-•~ differs iignifieantly from other value• 
in lhc same column {P = 0.0~) by Fischer's pro1cc1cd LSD lC-'1!. 
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10 1he applied ·vcG on the basis of complementation tests, whereas 
on!y 7o/o of surface isolate~ from untreated plots were in the applied 
VCG. 

Magnitude of fungi! popu!1tions. The quantity of A. j/Qvus 
on 1he surface of the seed at harvest was on!y quantified in !990. 
High eounlt of propagu!es of .-t. j/Qvus (over 20.00o per gram) 
were recovered from seed harvested from both treated and eontro! 
plots in 1990 (Table !). !n !989 and !990. soi! populationseJ;eeeded 
1,000 propagules per gram prior to application of treatments and 
increased (P = 0.05 by paired r-testl in all treatments between 
application and harvest (Table 2). Differences (P = 0.05) among 
treatments were detected on!y in !989 when soils from wheat 
treated plots had over !0-fold more propaguks after harvest than 
did soils: from the untreated control plots. 

Anatoxin production by field isol•h:s. None of BO isolates from 
the harvested seed belonging to !he applied VCG produced detect­
able af1atoJ;ln B, !eve!s in liquid fermentation. However, 80% 
of isolates not in the applied VCG produced detectable aflatoxin 
8 1 and 65% of these isolates produced greater than !O l'g/g of 
culture (Fig. 6). 

DfSCUSS\ON 

!n 2 yr of field tests in Yuma, Arizona. soi! application of 
atoxigenic A. jlavus AF36 on colonized wheat seed resulted in 
a reduced quantity of anatoxins in the couonseed crop at maturity 
without an increase in the incidence of infection. as measured 
by BGY F. Vegetative compatibility analysis of fungal populations 
infecting !he crops in both years provided evidence that these 
reductions were associated with displacement of the resident A. 

j1ovus population by the applied atoxigenic strain. In !989, the 
atoxigenic strain was applied by spray. as we!! as on colonized 
wheat seed, but the spray application was not as effective as the 
colonizCd wheat seed in either displacement of the infecting popu­
lation or prevention of the anatoxin 8 1 accumulation in the 
infected portion of the crop. Greater efficacy of the colonized 
wheat seed treatment probably s1ems from a far greater quantity 

I= C<ln1ro! D• Wh11I tr11tm1nl D= Spr1y tr1atmonl 

ft= !1olato In appll.•d VCG Q = !1olal1 nol !n VCG 

' 77 ' 66 
,. 

55 ' 44 ' 33 

Distance (m) 

' 22 ' 11 ' 0 

Fi~. S. Dis1ribution of1he applied vege1a.1ive compa1ibili1y groupa1 harve.;1 
1n !989. Potilion of au 48 isolate~ is: indicated. Ptcdomin:i.nt windt blew 
from ris~-l 10 left and the oneidcnce of l~.e applied snain increased wi1h 
inere~sed di1rnnee from 1he righ1 border of 1~.e plo1 ! R' = 0.77. P < 0.0 I). 

of·eonidia being released for a longer period of time by the applied -t 
wheat than by the spray application. 

The quantity of anatoxin in plots 1 reated with colonized wheat 
seed was 75-g2% less than in untreated eontro!S in 1989 and 

1
/ 

99.690 less than in !990. However. the applied VCG was isolated 
from 25 and 7% of infected seed in the untreated eontro! plots 
in !989 and !990, respectively. Infection by AF36 or coinfeetion 
by AF36 and a strain not in the same VCG would be expected 
to result in lower anatoxin levels than infection by most other 
VCGs alone \ 15,21 !. Therefore, anatoxin le~e!s in control plots 
were probably towered by atolligenic strain applications, and the 
eontro! of aflatoxi n 01 contamination associated with the applica-
tion of colonized wheat sec:d is probably underrepresented, cspe-

_cia!!y for f9g9, The correlation between incidence of the applied 
VCG and anatoxin content of infected seed (Fig. 3) may better 
describe the impact of the atoxigcnic strain on contamination. 

Although the rate of application of wheat infested with the 
bioeontrol agent in 19g9 was greater than in 1990 (110 g/m row 
length versus 8.4 g/ m row length), the percentage of the applied 
strain in infected locules from treated plots was only 67% in !989 
versus 100% in 1990. Lowe.r disp!aeement in ireated plol.S in !989 
may have resulted from failure to treat rows adj"aeent to rows 
sampled at harvest; in !990 rows on each side of the sampled 
rows were treated. Higher rates of disp!~mcnt in !990 with 
lower app!ieotion rates more broadly dispersed may indicate that 
useful displacement and associated aflatoxin reductions ean be 
achieved with much lower rates uniformly applied over larger 
contiguous areas. 

The incidence of the applied VCG in infected seed from un­
treated control plots was mue~. greater in 1989 than in 1990 (25 
versus 7o/oJ. The crop was treated !a.tcr With less material in 1990 e 
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fig, 6. Concentrations of iDa1o~in B, produced in liquid fermentation 
by isolate~ of A.flm·us. not in l~.c applied VCG, from imernal infections 
ol seed exhibiting SGYF in 1989. The same quanlity of isotatct in the 
applied VCG were alto 1cs1ed bu1 none of1ho1e isola1ct produced de1eel­
ablc Qunn1i1ie• 10.01 µg; SI of ona1n.~i"n B,. 

VOL 84, No, 11. t994 !275 

• 



283

' 

• 

• 

than in 1989 and reduced spread may have resulted· from a com­
bination of lower inoculum, a larger canopy at application, and 
environmental differences. It is surprising that in 1989, even 
though only l.2% of the ex!*rimental field wa.s treated with both 
spray and wheat treatments combined (if the amount of wheat 
applied had ~n dispersed over the entire plot,. the application 
rate would have been 6.6 kg/ha), the average incidence of the 
applied strain was over 25% at the points most distant from 
applications. 

There was a low ineidcnee of 1he applied VCG infecting the 
developing crop (7%) and on the surfaces of the mature crop 
(4%) in untreated controls in 1990, but a hish incidence in the 
soil of untreated plots after harvest. This differs from 1989 and 
a mechanism for this differen1ta\ movement is unknown. 

The rate of displaeemen1 by the applied VCG in both years 
suggests initial colonization of developing er ops may greatly influ­
ence whieh fungal s1rains predominate during erop development. 
Introduction of new, uncolonized resources in the form of a crop 
uniformly developing may provide the opponunity for rapid 
swin'gs in the composition of ccnain fungal populations associated 
with crops through colonization and establishment by relatively 
few initial strains. This phenomenon of epidemic increases in a 
few fungal ty~s may occur frequently in agrieulti.tral fields. Sueh 
increases have been observed in unmodified A.f/tNU.S populations 
(4). 

Strain application may increase the quantity of A. j/avw 
inoeula, at least initially. However, incidence of infection of devel­
oping cotton bolls did not differ between treated plots and un· 
treated controls in either year. Predisposition of developing bolls 
(i.e., through insect activity) (221 may be a greater determinant 
of infection rate than the quaniity of inoeulum to which the crop 
is exposed. This may be panieularly true in the desen valleys 
of Arizona where crops frequently are dusted by soil dispersed 
by agricultural activities and wind. This dust contains large quanti· 
ties {at 1imes e.~eeeding S.000 propagules/mJ of airl (29) of A. 
flavus inoeula. Funhermore, during the conon se:uon, very large 
propon:ions of dead and necrotic plant and animal tissue become 
colonized by A. j\avus {3,Jg) and the5e contribute to inoeulum 
levels. Thus, eo1ton bolls produced in these areas become exposed 
10 large eoneentra1ions of A. flavus inocula. 

Overall, A.flavu.s popula1ions in the top 2 cm of the soil profile 
increased during the conon season in both years (Table 2). These 
population increases occurred in both treated and control plots 
and the applied"VCG composed significant ponions ( 19 and S6o/0 , 

in 19g9 and 1990. respCciively) of populations in control plot 
soils in bo1h years. ln 1989. the population in the soil of plots 
treated with colonized wheat contained significantly greater num· 
bers of A .. flavus propagules than untreaied plots at harvest. 
Because the colonized wheat was delivered to the assayed sites 
3 mo earlier, these differences might be expected. lt is more sur· 
prising that in 1990 differences between treated and control plots 
were not significantly different. Nutrient sources other than the 
applied wheat mus1 fuel A.flavus increases in these surface soils. 
Whether strain applications impact the quantity of A.flavus over­
wintering has not been determined. Overwintering populations 
may be determined to a greater extent by colonized organic mauer 
than by the number of propagules resident at harvest. 

The population of A. flavus on seed cotton surfaces at harvest 
in l 990 did not differ between treated and control plots and the 
applied VCG eontribu1ed only a mirtor ponion (4%) of the propa­
gules in the control plots and most (75%) of the propagules in 
the treated plots. h may, therefore, be possible to apply sufficiently 
low quantiiies or colonized matter to exclude resident s1rains 
wi1hout causing overall population increases. Exclusion appar· 
ently occurred during the A. flovus population increase ihat 
resulted in high propagule counts (over 20,000 propagules per 
gram) on the crop at harvest. Apparently the quantity of the 
fungus associated with the crop was dependent on a factor other 
than the quantity of fungus present early in the sell!;on when 
the colonized wheat Wal; applied. Resources available for exploita· 
tion by this aggressive saprophyte and environmental conditions 
may dieiate ultimate sizes or populations resident on the crops 
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10 a greater extent ihan the magnitude of the initial fungal popula­
tion, providing a eenain minimal level of fungm is present. ln 
both the 1989 and 1990 tests. over l,000 propagules of A.flavus 
per gram of soil were present at the time of atoxigenie VCG 
application. 

In 1990. afliltoxin was detected in one loeule from which the 
applied VCG Was isolated. Previous work bas shown that many 
loeules exhibiting BGYF are infected by multiple A.flavus strains 
(4) and that loeules eoinfeeted by toxigenie and atoxigenie strains 
con1ain less toxin (90- lOOo/o less) than loeliles infected by toxigenie 
strains alone (I S,2 l). Analyses used in 1990 only ~rmitted detec­
tion of a single infecting strain from each locule and that strain 
was isolated from a seed not used to determine the loeule's afla­
toxin content. The aflatoxin content of the loeule in whieh both 
the applied VCG and aflatoxin were de:tected was probably attrib­
utable 10 infection by a second undetected strain and not to conver­
sion of the atoxigenie strain to an aflatoxin-prpducing phenotype. 
Similarly. aflatoxin concentrations in loeules either lacking 
de1ectable afla1oxin or with very low aflatoxin levels, but infected 
by strains other than the applied ;train may be panially attrib­
utable to inhibition of toxigenesis by undeiected coinfeetion by 
the applied strain. Possible conversion of atoxigenie strains to 
toxigenie strains after application has bet:n suggested by several 
critics of the use of atoxigenie strains to prevent aflatoxin contami­
nation ( 27). Aflatoxin·produeing ability of ccnain A. flavus strains 
has been reported to be variable in culture (8, lO) and ccnain 
strains apparently increase toxigenieity during boll infection (2g). 
In the present study. no instability in atoxigenietty was detected 
among go isolates oft he applied VCG from infected seed harvested· 
S mo after strain application. This result, and the impact o( appli­
cations on erop aflatoxin contents, suggest strain instability was 
not a problem during the course of experiments reponed here. 
Furthermore, a recent study on !he relationship of aflatoxin­
produeing ability to vegetative compatibility group suggested that 
aflaio.~in-produeing ability is relatively stable in individual strains 
and among groups of strilins recently diverged {4). The authors 
further suggested that inStiLbility noted in previous studies might, 
at least in some eases, be anributable to in vitro culture methods. 

The use of atoxigenie strains of A.f/ovu.s to prevent aflatoxin 
contamination is an unusual concept for the prevention of a plant 
disease problem. Like a few other bioeontrol strategies {l.2.lS), 
this strategy utilizes a strain of the species that incites the problem 
to be contained. However, unlike other strategies. for the atoxi· 
genie strains to be effective during infection of the developing 
crop. the applied strains probably need to be at least as virulent 
as the strains they are direeted at displacing. This may not be 
a requirement if strains are applied during periods in which the 
saprophytic habit of A.flavu.s is dominant. During sueh periods. 
atoxigenie strains with reduced virulence might be able to displace 
more virulent 1oxigenie strains during saprophytic utilization of 
crop and insect debris and thus reduce the incidence of highly 
\'irulent 1oxigenic strains. 

Regardle$S of the means of intervention employed, there will 
be fungi associated with our crops. Dead, weakened, and putially 
decayed plant tissues are readily available and it U not feasible 
10 prevent utilization of these resources by fungi. A level of control 
over which fungi beeome associated with erops may be permitted 
by the seeding of select fungal strains into agricultural fields in 
a manner similar to the seeding of plants. Such strains may be 
selected for adaptation to the crop eeosystem, reduced quantities 
of traits detrimental to human activity. and increased traits con· 
sidered beneficial. This process of fungal domestication may 
permit minimization of eenain problems caused by fungi (i.e., 
mycotoxin contamination) and optimization of beneficial fungal 
traits (i.e., degradation of erop debris). This is most likely to 
succeed where an undesirable fungal trait (e.g., mycotoxin produc-
1ion) is not necessary for fungal growth and multiplication on 
the crop or other substrate. However, many plant pathogenic 
fungi have large saprophytic phases. Deliberate introduction, 
during rotations to nonsuseeptibles, of isolates with reduced 
virulence but grea1er saprophytic competitiveness may permit 
reductions in pathogenic poten.tial in a manner similar to that 
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in which the reductions in ana1oxin-producing po1en1ial were 
achieved in lhe currenl sludy. 
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ABSTRACT-

Cony, P. J,, and Bayman, P. 1993. Compclilivc exclusion of a 1oxigcnic sir a in of Arpergilfusflovus by an aioxigcnic strain. Phylop:uhology SJ; t2SJ­
l 287. 

Several experiments were employed 10 \ell tho role of eompctiiion in 
the Abiliiy of an amxigcnic strain of Aspergiffu• flovus 10 inhibit ihc 
anatoxineonlamination of dcw:lopingeouon bolls. ln.iniiial 1cs1s, niira!C• 
nonutitizing mulann wen: u1cd ·lo follow seed infection by toxigenic and 
amxigenic sirains of A.flovus in eoinocuta1cd bolls. Compciitivc e xelrnion 
was found to eon1ribu1c 10 lhc cffec1 of the aioxigcnic sirain oneonlamina-
1ion, bu! re1ults suggesicd a second mechanism may also have been in 
cffccl. Anaioxin con1amina1ion by the loxigcnie SI rain wru similarly inhib­
ited by an aioxigcnic sirain in vivo and in liquid fcrmcnla1ion, and the 
a1oxigcnie strain wai equally cffcaivc when applied al 1pon: conccn1ra-
1ions cimcr equal lo those of the loxigenie suain or one-half tho1e of 

Aflatoxins are toxic, ea:einogenie fungal metabolites that occur 
in foods and feeds worldwide (25). Health concerns and regula· 
tions that limit the uses of contaminated commodities greatly 
influence the profitability of several important crops in the United 
States. (25). Aflatoxins are produced by Aspergiffus jlovus 
Link:Fr. and A. porasirirus Speare when these fungi infect and 
decay either developing or mature crops (17). Conventional methods 
for the prevention of eontaminaiion are not relfable on a eommer­
eial seale for any of the crops affected; this has resulted in several 
auempts to develop novel control methods (9). One such method 
is to displace toxigenie strains of A.jlovus from agricultural fields 
with strains of A.jlavus that do not produce aflatoxins (a1oxigenie 
strains) ( 10). This strategy is possible because of the great diversity 
of phenotypes of A. /lavus in agricultural fields and the common 
oeeurrenee of atoxigenie strains ( 13,18). Furthermore, toxigcnieily 
is apparently unrelated to a strain's ability to colonize 11.nd/or 
infect livlng or dead plant tissues (13). These observations led 
us lo speculate that atoxigenie strains might be adapted to condi­
tions that favor aflatoxin contamination, and therefore atoxi,genie 
strains might be used to displace toxigenie strains (13,14). ln 
theory, competitive exclusion of toxigenie strains from crops 
might reduce the overall toxigenieity of A. jlovus populations 
and might even interfere with the contamination process on an 
infeetion-by-infeetion basir (8, 10, 14). 

Aflatoxin eontamina1ion of eouonseed is severe in the desert 
valleys of Arizonn and southern California, where most aflatoxin 
oeeurs in seed from bolls damaged by the pink bollworm (15). 
Several atoxigenie strains of A.jlovus isolated from agrieuhural 
fields in Arizona can reduce the aflatoxin contamination of devel· 
oping cotton bolls ea used by toxigenie s1rains ( 14). 1 n the previous 
experiments, the aioxigenie strains greatly reduced contamination 
when inoculated into developing bolls either prior to or simulta· 
neously with toxigenie strains. In those studies, however, it was 
not clear whether the atoxigenie strains prevented contamination 
by physically excluding the toxigenie strains from infected tissues 
or by directly inhibiting toxigenesis. The Studies described here 

Tnls uticlo is In lne p"ublie domoin and not eopyrigmable. h may be tr.,.ly 
reprinted wilh eusiomary crediting ot lno •ou1eo. Tne Ame1lcan Pny1o­
polnological SO<:icly, l9~J. 

tnc 1oxigcnie strain. The a1ox!gcnic strain reduced ;nilloxin p~oduction 
in vil\o when myec~at balls of the lWO strains.were mixed af1er a 48-h 
fcrmcnlation period, which suucncd thal elo1e intcnwining of mycclia 
wa1 no! required and tha1 ana1orjn biosynlhcsis could be intcnvptcd 
even afier ini1ia1ion. The aioxigenie suain did not degrade anitoxin1 
in vitro, and both culture fihratcs and myccliat cxl\aels of the atoxigcnic 
sirain siimulalcd aOaioxin produciion by 1he toxigcnic sirain. The rcsuhs 
suggest lhal the aloxigenic sirain may interfere with 1hc contamination 
process bo1h by physically excluding the 1oxigcnic sirain during infceiion 
and by compctinl! for nuiricnir required for anatoxin bio1ynlhcsi1. 

sought a better understanding of the mechanism through which 
atoxigcnie strains reduce contamination of developing bolls. 

MATERIALS AND METHODS 

Fungal isolates and mutants. A.flavus isolates AF36 and AF13 
eolleeted from the Yuma Valley of Arizona and previously shown 
to be pathosenie to eol\on were used in llll tests (13). AF36 is 
atoxigenie and reduces aflatoxin contamination caused by the 
highly toxigenie AF13 (14). AF36 and AFl3 were previously 
shown to belong to different vegetative compatibility groups (3). 
Cultures were maintained at 31 C in the dark on 5/2 agar (5o/e 
VS vegetable juiee, 2% agar adjusted to pH 5.2 prior to auto­
claving) (13). For long-term storage, plugs of sporulating cultures 
were submerged in sterile distilled water and maintained at 8 
c (!3). 

Two different mutants of both AFl3 and AF36 were isolated 
on Czapck-Dox (CDJ agar supplemented with chlorate as pre­
viously described (2). Mutants were maintained in the same 
manner as the wild types and characterized by the method of 
Cove (16). One mutant ofeaeh isolate was deficient in the struc­
tural nitrate reduetase gene, nioD- mutant, and the other was 
defective in the pathway specific regulatory gene, nirA. 

Greenhouse tests. To determine isolate behavior, developing 
eouon bolls were inoculated through simulated exit holes of the 
pink bollworm as previously described ( 13). Gossypium hitsu1um 
e1•, Deltapine aeala 90 was grown in 3·L pots containing a 50:SO 
mixture of Pro-mix (Premier Brands lne., New Rochelle, NY) 
and sand. Plants were fertiliud weekly with about 100 ml of 
2,000 ppm 15-30-15 fertilizer. Flowers were dated at opening. 
Bolls 29-31 days old were wounded in a single loeule with a 
cork borer (3 mm in diameter) and inoculated with 20 µI of an 
aqueous spore suspension of each isolate tested. Spore eoneentra­
tions and number of bolls per treatment are indicated below for 
each experiment. After boll opening (about 45 days after flower­
ing), bolls were picked, dried in a forced-air oven at 45 C for 
3 days, and stored at room temperature in plastic bags containing 
silica gel desieeant. 

To determine whether the AF13 niaD- mutant retained wild­
type ability to infect and contaminate developing cottonseed with 
aflatoxins and whether the niaD- mutant of AF36 retained wild-
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type ability to interfere with contamination, wild types and 
mutants were compared in an initial test whh six treatments and 
three replicates. In four of the treatments, eaCh boll was inoculated 
with 10,000 spores of either wild types or mutants of either AF!) 
alone or AF36 alone. In two of the treatments, each boll was 
inoculated with I 0,000 spores ea eh of either mutants or wild types 
of both AF!) and AF36. After the initial test demonstrated that 
wild types and mutants behaved similarly, the following tests were 
performed wit!>. the niaD- mutants alone in order lo assess eompe· 
tition between the two strains during boll infection. Bolls were 
inoculated with 5,000 spores of the niaD- mutants of isolate AF!3 
alone, isolate AF36 alone, or both isofates AF\3 and AF36. Tests 
were randomized and replicated three times. Replicates consisted 
of two bolls each; the inoculated loeule from one boll of each 
replicate was analyzed for aflatoxin content, and the inoculated 
loeule from the sceond boll was used for fungal isolations. This 
lest was performed three limes. 

Jn greenhouse tests used to compare in vivo activity with in 
vitro activity, bolls were inoculated with wild·type strains. In the 
four treatments, bolls were inoculated with I) 10,000 spores of 
AFl3, 2) 10,000 spores of AF36, 3) 10,000 spores each of both 
isolates, or 4) 10,000 spores of AF\3 and 5,000 spores of AF36. 
Loeules from this experiment were ana!yted only fQr aflatoxin 
content. Treatments were randomited Dnd replicated four times; 
ea eh replicate consisted of a single inoculated boll, and the experi­
ment was performed twice. 

Fun:al isolations and isolate identification. Isolations from seed 
were made to determine the relative sueee~s of AF36 and AF!3 
in infecting developing eononseed in eoinoeulated loeules. Seeds 
were manually separated from the long lint fibern, wetted with 
50% ethanol, delinted, surface-sterilized in concentrated H2SO, 
for 2-5 min, rinsed twice in sterile water, and plated on CD 
agar amended with antibiotics (4). Five isolations were made from 
colonies growing from each of four seeds from each inoculated 
loeule for a 101al of 20 isolations. per \oeule. Isolates were then 
paired with nirA- mutants of both AF\3 and AF36 on CD agar, 
and complementation reactions after 10 days at 31 C were used 
to identify the isolate (3). The test was perfonned three times. 
In the first two tests, isolations were made from bolls. inoculated 
with AFl3 and AF36 alone and from bolls inoculated with both 
isolates. In the third test, isolations were made only from bolls 
inoculated with both isolates. 

In vitro interactions. Interactions of strains AF36 and AFl3 
in vitro were assessed in the liquid medium of Adye and Matales 
(I) with either 3 g/L of NH.so, (NH, medium) or 3 g/L of 
NaN01 (NOJ. medium) as the sole nitrogen source as previous 
described (II). Erlenmeyer flasks·(250-ml) containing 50 ml of 
either NOJ medium or NH, medium were inoculated with either 
15,000 spores of AF\3 per milliliter, 15,000 spores of AF36 per 
milliliter, 15,000 spores of AF\3 and 15,000 spores of AF36 per 
milliliter, or with 15,000 spores of AFl3 and 7,500 spores of 
AF36 per milliliter. Flasks were incubated in the dark on an 
orbital shaker (150 rpm) for 4 days, after which 50 rill of acetone 
was added to each flask to lyse fungal cells and extract the 
aflatoxins from tt>.e myee!ium. 

To ascertain potential inhibitory effects of AF36 on growth 
of AF!3, isolates were paired on 5/2 agar and on CD agar by 
the inoculation of wells {3 mm in diameter) in the agar. The 
wells were spaced 2 em apart. Two wells on each plate were 
inoeula1ed· with either the same isolate or with different isolat~s. 
Plates were incubated at 31 C and visually examined after 5 days 
for tones of inhibition. 

To determine the influence of actively growing myeelia of AF36 
on aflatoxin production by myeelia of AF\3, flasks containing 
NOJ medium were inoculated with each isolate individually and 
shake-incubated as described above. After incubation periods of 
0, 5, JO, 24, and 48 h, the contents of a flask containing AFl3 
and another eontai.nin8 AF36 we1e combined and mixed by 
swirling (2 min). The contents were then divided into approxi­
mately 50 ml per flask ai;id shake-incubated for the remainder 
of 5 days from the initial inoculation; i.e., cultures mixed after 
24 h were incubated for an additional 4 days. Control flasks 
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inoculated with AFl3 alone were incubated for 1, 2, or 5 days 
and included in the randomized experimental design. After the 
incubation period, fungal growth was stopped by the addition 
of 50 ml of acetone, and 11.0atoxin analyses were performed as 
described below. This test war performed three times and 
replicated founimes; the four replicates resulted from two separate 
mixings of paired flasks each consisting of one flask with AFl3 
and one fla.sk with AF36. . 

Flltrates,myeelial extraels, and degradation. To test the involve­
ment of factors that interfere with aflatoxin bio~ynthesis, AF36 
in NOJ medium was shake·eultured as described above for 4 days 
at 31 C; the fillrate was then recovered and substituted for the 
water component of the NOJ and NH, media. The influence of 
myeelial extracts of AF36 on aflaroxin biosynthesis by AFl3 was 
also tested. Myeelial balls (15-20 g) from 4-day-old NOJ medium 
shake eu!tu1es were blended at low speed for 30 s in JOO ml 
of distilled water. The aqueous extract was then fiher-sterilited 
and added 10 NOi medium at a 10% rate (v/v). To test for 
degradation of aflatoxin by AF36, filtrates from 4-day:old shake 
cultures of AFl3 in NOJ medium were $ubstituted for the water 
component of NOJ medium as described above. In all three 
experiments, the media were filter-sterilite.d, dispensed into 50-
ml Erlenmeyer flasks (30 ml per flask), inoculated, and incubated 
as described. Myee!ial extract and filtrate experiments were 
inoculated with approximately 5,000 spores of AFl3 and 
incubated for 4-5 days.. Aflatoxin degradation tests \\"Cte inocu­
lated with approximately 5,000 spores of AF36 and incubated 
for 7 days. The experiments were performed al least twice and 
contained two to four replicates. 

Aflatoxln analyses. Culture filtrates containing 50% acetone 
(v/v) were r1llered through 114 Wharman filter paper. Fifty milli­
liters of filtrate was added with an equal volume of water 10 
a 250·ml separatory funnel, and the solution was extracted twice 
with 25 ml of methylene chloride. The meth)'lene chloride extracts 
were filtered through 50 g of anhydrous sodium sulfate 10 remove 
residual water, and the sodium sulfate was- rinsed with an addi· 
tional 25 ml of methylene chloride after filtration. The rinse and 
extraeu were combined, evaporated at room temperature, and 
the residual was dissolved in 4 ml of methylene chloride. The 
extracts and 11.flatoxin standards were separated on thin-layer 
chromatography plates (silica gel 60, 250 mm) by development 
with diethyl ether-methanol·water (96:3:1) (32). Extr:iets were 
either eoneentrated or diluted to permit accurate densitometry 
(27), and aflatoxin B1 was quantified with a seanningdensitometer 
(model es·930, Shimadzu Scientific Instruments, lne., Tokyo) after 
development (27). 

Infected cotton Joeules were extracted as previously described 
(12). Dried intiet loeules were hammered to pulverite the iced 
and added 10 200 ml of acetone and water (85:15). The mixture 
was shaken for 15 s, allowed 10 set overnight, and filtered through 
a #4 filter paper. A 100-ml portion of the filtrate was mixed 
with JOO ml of an aqueous solution of 0.22 M Zn(CH1COO)i 
and 0.008 M AICIJ, allowed to set for 1-2 h, and fillered again. 
A I 00-ml portion of the filtrate Wa.s added to a 250-ml sepaiatory 
funnel, and aflatoxin extraction and analysis were perfonned as 
described foreuhure filirates. 

Stalis\ic.al analysis. Analyses were p:ilormed with CSS:Statistiea 
(S111.1soft, Inc .. Tulsa, OK) and Excel {Microsoft Corporation, 
Redmond, WA). Treatments were randomized withinexperiments. 
Analysis of variance was used 10 test differences among treatments 
prior to application of multiple comparison teehniq_ues. Compari­
sons of prQportions were made with the Z test (29). 

RESULTS 

Toxin content of inoculated bolls. Bolls inoculated with nialT 
mutants of both AFl3 and AF36 had 0-20% of the aflatoxin 
content of bolls inoculated with the niaD~ mutant of AFl3 alone 
(Table !). The AF\3 nioD- mutant retained wild-type ability 10 
infect and contaminate developing cottonseed with aflatoxins, 
and the AF36 niaD- mutant retained wild-type ability 10 inhibit 
aflatoxin contamination. In three experiments, lixules inoculated 
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with the AF36 nioD- mutant alone eontai ned no detectable a fl a· 
toxins, and loeules inoculated with the AF 13 nioD- mutant alone 
had 75-440 µg of aflatoxin B1 per gram. Loeules inoculated with 
wild-type AF13 typically contained similar toxin levels (14). In 
the one head-to-head test performed, loeules inoCulated with the 
AF13 niaD- mutant alone contained 159 ± 39 µg/g, and loeules 
inoculated with AF! 3 wild-type contained 176 ± 22 µg/ g. 

Seed isolations from inoculated bolls. Results of isolations from 
loeules inoculated with both nioD- mutants varied among the 
three experiments. In test I, 70% of all isolates were AF36, and 
AF36 alone was isolated from one loeule {five isolates from each 
offourseeds) and from three of eight seeds from two other loeules. 
Only one seed {8%) was infected by AFl3 alone. One-third of 
the seeds from the three loeules were infected with both AF13 
and AF36 [fable I). In test 2, AF36 alone was isolated from 
one loeule and from three of four seeds in a second !oeule. How­
ever, AFl3 alone was isolated from one loeule. Data from test 
2 is presented in Table I with and without the loeule containing 

TABLE I. Seed infee1ed (%) with 1wo s1rains of AspergiITi.is jlovi.is al 
ma1uri1y after immalure bolls we1e eoinoeulaled with both strains and 
pen:enl red.uetion of anatoxin in bolls eoinoeuia1ed compared to bolls 
inoculated with strain AFl3 alone' 

Seed infected 
by inoculated strain(![• 

Percent AF36 AFl3 AFl3 
Test reduction' AF36' alone alone and AF16 

I 82 70" ,.. • )) 

2 100 " 58 )) • 2B' 100 96• ... 0 13 
) " IQ• ,.. • )) 

'To~in level! and seed infee1ion were measured in parallel samples wi1hin 
each repliea1e. 

'Pereenl reduction in anato~i'n B1 eon1enl of seed from bolls eoinoeulated 
wi1h a1o~igenie sllain AF36 and lo~igenie s1rain AFl3 compared to 
bolls inoculated with s1rain AFl3 alone, Bolls ine<:ulaled wi1h s1rain 
AFl3 alone contained 76, 176, and 444 ,.,g of aflalo~in B1 per gram 
in·1es1s l, 2, and 3, respee1ively. 

'Percen1age of tornl iiola1es (55-60 isota1es per 1es1) from infeeied seed 
f1om loeules inoculated with bolh AFtJ and AF36 and iden1ified as 
AF36. • = Values significantly (P = 0.05) greater than 50 by the Z 
1es1 for proponions (29). 

'Al maturity, 1eed1 were acid delinled, washed, and plated on selee1ive 
medium; five isola1ions were made from each seed, and isola1e1 were 
elassir.ed as AF36 or AFl3 as described. Values repre1enl 1he percentage 
of101atseed infee1ed by A.flavus 1ha1 were infected by individual sirains. 
There were 12 seeds per test, four seeds per replicate, five isolations 
per seed.•= AF36 values signifiean1ly (P = 0.05) grealer than AF13 
values by lhe Z 1e>1 for proportion\ (29). 

'ln les1 2, 57 ilolales from t2 seeds from three bolls were evaluated· 
four seeds coniained AFl3 bu1 no1 AF36. These all occurred in on; 
boll (boll x) from which AF36 was not recovered. Tes1 2B is the data 
f1om lest 2 minus boll x. 

only AFl3 {explained further in Discussion). In test 3, both AFIJ 
iind AF36 were isolated from all three loeules, although 80% 
of all isolates in test 3 were Af36. Af36 alone infected seven 
of 12 seeds {58%), AFIJ alone infected one of 12 seeds {8%), 
and four of I 2seeds were infected by both isolates. When is.olations 
were made from seeds produced in loeules inoculated with only 
one mutant, only that mutant was recovered. 

Mutants of Afl3 remained stable throughout the tests. 
However, in two of the in vivo tests, th~ nioD- mutant of strain 
36 partially reverted 10 wild type in all bolls sampled. These 
revertants exhibited growth on CD agar intermediate between 
that of the wild type and the mutant. However, the growth 
remained sparse enough to permit detection of complementation 
between °the revertant and the nirA- tester niutant. 

In vivo versus In vitro activity. At maturity, loeules inoculated 
with AFIJ alone contained aflatoxin B1 levels above 50 µg/g 
in all experiments. Loeules inoculated with both AF! 3 and AF36 
contained less than 10% of the aflatoxin in locules inoculated 
with AFl3 alone. However, the quantity of toxin did not differ 
significantly (P = 0.05 according to Fisher's protected least 
significant difference test) between loeules.inoeulated with equal 
quantities of AFl3 and AF36 and those inoculated with twice 
as much AFl3 as AF36 [fable 2). Similar results were obtained 
in liquid fermentation in both NOJ and NH~ media. High toxin 
levels were produced in fermentations inoculated with AFl3 alone, 
and low toxin levels oeeurred in fermentations inoculated with 
AFIJ and AF36 together. The quantity of toxin in fermentations 
inoculated with twiee as mueh AFIJ as AF36 was equal to the 
toxin eontent of fermentations inoculated with equal quantities 
of AFIJ and AF36. 

On both CD and 5/2 agar media, myeelia of each strain gre. 
until it met the mycelia of the other strain. The strains did n 
overgrow each other, and no zones of inhibition formed. Sporula· 
tion And myee!la were less dense where the colonies met, but 
this also occurred in self-confrontations. 

When AF36 and AFl3 were fermented individually, mixed after 
various periods, and refermented for the remainder of the 120-
h test period, significantly less aflatoxin B1 was produced by AF!3 
than in 120-h fermentations of AFl3 alone (Table 3). In tests 
I and 3, linear regressions of aflatoxin content of mixed cultures 
with hours of growth until mixing were significant {P = 0.049-
0.026). However, the R1 values were low (R1 = 0.26--0.34). In 
tests 2 and 3. the aflatoxin content of cultures mixed after di! 
h was significantly less than th al of uiimixed controls, even 1hough 
aflatoxin production by AFl3 had already begun at 48 h (Table 3). 

Filtrates, myeeli1d extracts, and degradation. Culture filtrates 
of toxigenie AFl3 that were filter-sterilized, supplemented with 
the nutrients of NOJ medium, and incubated at 31 C for 5 days 
did not have significantly different toxin levels than similar filtrates 
inoculated with AF36 prior to the incubation. All filtrates 
contained over 15 µg of aflatoxin 8 1 per gram at the end of 
the experiments. Degradation of aflatoxin B1 was thus not observed. 

Supplementation of N01 medium with either filtrates ore 
TABLE 2. Grow1h, 1oxin produe1ion, and al1erolion of eullur<: pH by two sllains of Asptrgiflusf/ovur grown individually and in combina1ion 

S1rain ratio• Afla1oxin B1 Final pH' Fungal man (g) 
(13:36) ln vivo' NH.' N01' NH, NO, NH, NO, 

l:O 501 ~· "" 2.34 ~ 2.13 )( 6.10 ~ 0.4Sy 0.38 ¥ 
0:1 ,, ,, ,, 2.28 x 5.96 )( 0.43 y 0.45yx 
l;I Sy "' ,, 2.30 ~ 5.71 ~ 0.50 xy 0.54 x 
2:1 7y '" 9y 2.24 )( 5.68 ~ 0.52 x 0.53 x 

'Flask! eon1aining 50 ml of medium were seeded wi1h 16 eonidia per mieroliler of either AFl3 or AF36. For two 1reatmen1s nask• lha1 were 
sei;ded with AFl3 were also seeded wi1h ei1her 16 or eigh1 conidia per mieroli1er of AF36. Flasks were incubated al 28 C fo

0

r 4 days prior 10 
being analyzed for ona1oxin eon1en1. 

'Final pH of the culture medium; initial pH was 5.0. 
'Co11on boll.s 2g-30 days old were i.n~eula1ed with 10,000 .eonidia of ei1her A'Fl3 01 AF36; plan1s in 1wo 1rea1men1s were inoculated with bo1h 
AF!~ and e11her 10,000 or 5,000 eon1d1a of AF36. Al ma1ur11y, seed from all inoeula1ed bolls were analyJed for alhtoxin eon1en1, which ii expressed 
as microgram per sram of whole 1eed. 

:NH,= lhe '."H'.medium; N01 = lhe NO, medium, Afla1oxin is expressed ..s micrograms per gram of my~liuoi. 
Value\ for 1n vivo tests a~ a.ve~ages o'. four reptiea1es; values for in vi1ro 1es1s are averages of three replicates. Values wi1hin a column followed 
by 1he same teller nre no! "8nlfiea~ily d1fferen1 (P = 0.05) aeeordins to Fisher's pro1ee1ed lean signifiean1 differen~ test 
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myeclial extracts of AF36 stimulated aflatoxin production by 
AF13 as compared to unsupplemented NOr medium in every 
experiment. In one tes1, AF36 filtra1es inereru;cd total aflatoxin 
B1 production nine-fold, and myeclial extracts increased produe-
1ion 6g·fold (to 199 µg per 70 ml fermentation). although in 
another test, toxin production was s1imula1ed only four-fold by 
the myeelial extraeL 

DISCUSSION 

The niaD- mutants of AF36 and AF 13 were useful in discerning 
sirain prevalence during infee1ion of developing cottonseeds in 
loeu\es inoeula1ed with both s1rains. Nitrale-nonutiliring mu1ants 
have previously been used to s1udy plant pathogen population 
sirueture (3), to follow survival of Fusorium oxysporum in soil 
under field eondi1ions (22), and to differentiate between phenotype 
switching and eon1aminan1s during hos1-passaging experiments 
wilh Sep1oria nodorum (26). Both ihe Stp1aria and Fusarium 
mutants retained virulence (22,26). Similarly, in the tests reported 
here, the niaD- nitra1e-nonu1ilizing mwan1s retained viruknee 
to developing eonon bolls. Furthermore, the niaD- mutan1 of 
AF13 reiained the ability to eontamina1e developing cottonseed 
wi1h aflatoxins, and the niaD- mu1an1 ol A F36 retained the abilhy 
10 interfere with the proeess of eontamina1ion when eoinoeulated 
imo developing eouon bolls. Similar mutanis may have further 
uses in the investigation of interactions between strains in soils 
and on erop surfaces. 

Although the niaD- mu1an1 of AF36 was s1abk 1hrough 10 
serial passages in euhure, during infee1ion of developing eonon 
bolls this mutant partially reverted to wild type in two of 1hree 
experiments. Reversion did not oeeur wiih several strains of 
Sepror:ia nodarum (26). The partially reverted AF36 mutants were 
s1ill useful in eomplemen1alion Jests. However, reversion may 
have eon fused mutaht iden1ifiea1ion as nitrate-nonutilfaing if this 
was the sole criterion for identifiea1ion. Thus, caution should 
be exercised when similar mutants of A.flovus are ll5ed to monitor 
strain migration in agricultural fields, as was done with F. axy­
rporum (22). 

In all three boll inoculation tests, AF36 infected a grea1er per­
een1age of the developing seeds than did AF13. Thus, 1he abili1y 
of AF36 to inhibit eon1amina1ion by AF13 may partly be due 
to eompeti1ive exclusion of AF\3 during infection of the develop-

TABLE 3. lnnucnc.: of aloxigenie sirain AF36 on 1oxin produc1ion by 
1oxigenie s1rain AFl3 when 11rains ar.: evllured 1cpara1ely for 0""48 h 
prior 10 mixing' 

Afia1oxin B," 
(µg/g of mye<=lium) 

Trcalmcnl Ten I Tes1 2 Tosi 3 
Mix.af1e1 

Oh , .. '·' '·' 5h ,.. 11.4 '·' <Oh 17.? 2S.8 22 

'" ND 10.4 2~.8 

'" NO '·' 30.S 
AF13 eon1rol' 76.0 "' 138.S 

'Flask• eon1aining 70 ml of NO, medium were lnoculaicd wi1h eilher 
AF 13 or AF36. Af1er variou•pcriods, media comaining AF36 were mixed 
wi1h equal quan1i1ie> of media e~n1aining Af13. The mixed conlcnu 
wcre1hcndividcd imo equ~I ponion1and1eiurncd 101he original numbe1 
of nasks. The rcsulling flasks were 1hake·ineuba1cd for 1hc remainder 
of 1he 120.h incuba1ion period ond anilyrcd for afla1oxin eon1enl. 

'Values are meons of four 1epliea1es. Linear regression1 (ana1o~in eonlen1 
of mixed eul1urcJ v1. houn grow1h un1il mixing) we1e significan1 for 
1csis,1 and 3 (R' = 0.34, P= O.G49 and R' .. 0.~6. P=0.026, rcspee1ivcly) 
bul no1for1eu 2. For each 1csi, ~II mix 1rea1mems diffcr.:d significa111ly 
(P = 0.05) from 1he unmixed eomrols according 10 Fisher's prolee1ed 
leas11i&nifican1differenc.:1es1. ND= n?I de1ennined. 

'Con1rol nasks were ineuba1cd wi1h Afl3 alone fol 120 h. ln lttU 2 
and 3, fia.il:s wilh AFl3 alone were also analyted after 24 and 48 h. 
In bOlh cases, no 1oxin was dclee1ed af1er 24 h and beiwecn I and 
2 µg/11 of myeelium W:IS de1ce1cd aflcr 48 h. 

t28S PHYTOPATHOLOGY 

ing cottonseed. Jn test 2, apparently one developing boll was 
inadvertently inoculated with only AF! 3; if AF 13 had dominated 
in any of the Joeules analyzed for toxin, aflatoidn B1 would have 
been detected. The da1a for test 2 withou1 the outlier boll (the 
boll infeeied with AF13 alone) probably belier represents the 
truC situa1ion. Although competitive exclusion apparen1ly is one 
mechanism through whieh AF36 reduees boll contamination, a 
second mechanism may also oeeur. This is suggested by the pereen1 
redue1ion in aflaioxin eonten1 tha1 results from simuhaneous 
inoeula1ion with A F36 exceeding the percentage of total isolates 
identified as AF36 in eaeh test (Table!). 

A second mechanism of ae1ion is also suggested by the ability 
of AF36 10 in1erfere equally with contamination of developing 
eonon bolls by AF13 when either eoinoeul.ated a1 equal spore 
eoneentratioru or a1 one-half the spore eoneentra1ion of AF13. 
This phenomenon also oeeurred in liquid fermenta1ion, and yet 
on solidified agar media al the same 1empera1ure as the fermen1a-
1ions, AF13 and AF36 did no! appear to inhibit the growth of 
each 01her. Sim'1lar inhibition Of· aflatoxin production in liquid 
fermentaiion was observed when A. pararilicus was cofermen1ed 
with A. porosi1icu$ mutants blocked at speeifie steps in the afla­
to:o:in biosynthetie pathway (20). Such mutants aeeumula1e in1er­
mediates in ihe biosyn1hetie pathway and s1ill exert a negative 
influence on aflaioxin biosynthesis wi1hout interfering wi1h wild­
type growth (21). Jn those siudies, 1he influence of the mutants 
was no1 auributable to the mutanls merely outgrowing 1he wild 
1ypes. In experimen1s reported here, we tes1ed whether the 
influence of AF36 on aflatoxin p1oduetion was a1tribu1able to 
ei1her degradation of afia1oxins, produe1ion of compounds 
inhibi1ory to ana1oxin biosynthesis, or eompeli1ion for nu1rien1s 
required for aflatoxin biosyn1hesis. 

Degradation of afla1oxin by several fungi has been demon­
s1ra1ed, and even some strains of A. flavus and A. pora.n\icus 
panially degrade afla1oxin B, af1er biosyn1hesis has s1opped (5,7). 
ln 1he eurren1 s1udies, AF36 dld no1 degrade aflaioxin B1. 
Degradation experiments were performed in medium with NOr 
as ihe sole ni1rogen source to prevent degradative effects a1tribut­
abk: to low pH (11). Degradation is apparently not a meeham'sm 
ihrough whieh AF36 aets. These observations are not necessarily 
in eonfliet with previous observa1ions of degradation of aflatoxins 
by A. j1oYur, because 1he ability of a strain to degrade aflatoxin 
is thought to be correlated with strain ability to produc.: aflatoxins; 
a1oxigtnie s1rains are 1hought to have litlle abili1y 10 degrade 
afla1oxins (19). 

AF36 exened in flue nee on afla1oxin produe1ion by AF13 even 
when AF\3 myeelium wa.s ae1ively growing prior to exposure 
10 AF36. Significant reductions occurred even when AFf3 had 
initiated afla1oxin biosyn1hesis prior to exposure. Thus, inhibition 
of afla1oxin biosynthesis by AF36 differs from inhibiiion caused 
by bo1h fungis1a1ie and fungicidal agents that also inhibit growih; 
these ehemieal inhibitors are ineffee1iYe afier initiation of aflatoxin 
biosyn1hesis (6,24,32). When spores are mixed in shake fermenta­
tion, the resulting myeelial balls are agglomeraiions of numerous 
germ lings. Thus, myeelia of the two strains beeome elosely in1er-
1wined. Cuhures mixed af1er 12 h have aheady formed myeelial 
balls. Inhibition in these mixtures indicates that myeelial inter-
1wining is no1 required for ae1ivity of AF36. Similarly, intertwining 
of myeelium was no1 required for A. nigtr in1erferenee with afla-
1oxin produe1ion (31). These obser.,.a1ions, 1aken together, suggen 
diffusible factors may be involved in 1he inhibi1ory abili1y of AF36. 

Many bae1eria and fungi ean interfere wi1h afla1oxin produe1ion 
(21,24,30),. However, microbes 1ha1 are as effee1ive as AF36 are 
rare. Redue1ion in aflatoxin produe1ion in eorn substrates eoin­
oeulated whh A. niger and A. jlavur have been attributed to 
ahera1ions in subsira1e pH (23); no signifiean1 influence of AF36 
on pH was observed in any of the 1es1s reported here, suggesting 
aheration in pH is not asignifiean1 mechanism. Similarly, Shantha 
and eoworke1s found that pH wa:; no1 involved in inhibi1ion of 
afla1oxin produe1ion by A. niger and A. 1amarfiin liquid fermenta­
tion (31), These workers provided evidence for chemical inhibi1ors 
of afla1oxin biosynthesis. Resuhs of t!ie current study lead us 
10 eonelude that inhibilion caused by AF36 probably does not 
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involve inhibitors. This conclusion is supported by stimulation 
of aflatoxin production by both culture filtrates and mycclial 
cx1rac1s of AF36. These observations do not rule out the possibilily 
that shorl·lived inhibitors, i.e., the volatiles described by Zeringue 
and McCorrnicl:: (33), might play a role. However, stimulation 
of toxigcnesis by fihrates and rnycelial extracts of AFJ6 suggests 
AF36 may reduce toxin production merely by compclition for 
nutricnls. 

In one study of naturally infected COiion bolls, at least .50% 
were infected with multiple strains of A. flavus al maturity (3). 
ln the current study, bolls inoculated at wounding with two strains 
often became predominantly infected by a single strain. Cornpcti-
1ion bc1ween strains initially infeeting bolls may therefore cause 
an underestimation in the frequency of muhiplc infections. This 
competition may be an imporlant determinant of the extent of 
eontaminalion of naturally \nfeeted bolls. The ability of an aloxi­
genic strain to compete during eolonizalion and infection of 
wounded loeules may be a prerequisite for s1rain efficacy in 1hc 
reduc1ion of contamination in locuks with mulliple infeeting 
strains. 

Most studies on the physiology of aflatoxin formation have 
used nnly one isolate at a time. However, part of the possible 
range of phenotypes of a fungus may be expressed only when 
a mycclium eonfronts anolhcr genetie individual (28). The geno-
1ypic diversily of A. jlavus in eol!on fidds and even in eolton 
loeuks ensures that competition between strains of A. jlavus 
oeeurs in developing bolls. The data presented here show that 
this competition may have a complex cffeel on aflatoxin 
eonlamination and also suggesls creative solutions for its control. 
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Dr. Michael BraveITTJan 
Technology Center of New Jersey 
lnteiregional Research Project No.4 (IR-4) 
681 U.S. Highway #1 South 
North Brunswick, NJ 08902-3390 

Dear Dr. Braverman: 

AspergiJJus navus AF36 (ai# 006456) 
Pending Section 3 Registration EPA Reg. No. 71693-R 
Pesticide Petition 8E5001 

90:St 200C-02-J30 

A doc.ket has been established for the pending Federal Register documents regarding 
the application for the Section 3 registration and exemption from tolerance associated. for. use of 
Asperglllus flavus AF36 on cotton in Arizona and Texas. We are requesting classlfication.from 
JR-4, Dr. Peter Cotty and all relevant parties regarding the documents listed on the attaChed 
indexe~. The classification categories are described as follows. 

A= Releasable to Anyone 

B= Releasable to persons who submit a signed Affirmation of Non-multinational. 

C= 

Status form. Jf ~9 documents appear on the index, a copy of the Affirmation is 
attached. 

Claimed Confidential by the submitter. Requests for "C" documents will be 
processed under the Freedom of Information Act and EPA's public information 
regulations at 40 CFR Part 2, subpart B. 

Please fill out the attached form, so that we can quickly finalize these pending Federal 
Register notices that are essential for the registration of your product. Your assistance is 
appreciated. If you have any further questions regarding this matter, do not hesitate to email 
me or call at 703-308-8097. 

Enclosure 

2ZB-:J 200'd 289-1 

Sincerely, 

Shanaz Bacchus, Chemist 
Regulatory Action Leader 
Biopesticides and Pollution Prevention Division 

6£; I' l lOOZ-02-JllQ 
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£0"d %95 90:Si Z00Z-0Z-J30 

f3v-o.vifJAAC<Y1 , BJofesfroJe (,,o,j,~fo,, 
(insert name and tftle) I 

of Interregional Research Project No.4 (IR-4) have classified the following documents 
pertaining to the Active ingredient Aspergitlus f/avus AF36 as indicated in the atlached 

\ables. 

Signature/title/date #}~ 
&oresfic;Je,_ [1¥di"4for 

-;;:£---4- fv~ ec:r 

Send completed form to: 

A TIN: Shanaz Bacchus (7511 C) 
Biopesticides Pollution Prevention Division 

U.S. Environmental Protection Agency 
Ariel Rios Building 

1200 Pennsylvania Ave., N.W. 
Washington, DC 20460 

Page2of 9 

zza-:1 EOO "d ZB9-l !BtBZE6ZEl Sll3111'tDOOV~ t-111-uro1 :! st:t1 zooz-oz-Jao 
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OPP- (Docket#) 

%95 

Index of Documents Submitted 
(As of February B, 2002) 

90:S\ G00G-0G-J3Q 

Aspergiilus flavus AF36; Pending Section 3 Registration 71693·R; Establishment of 
Pennanent tolerance exemption PP# 8E5001 

TITLE: (Title of document) Author: Document Classification 
/last name, First name} Date 

1. Bibliography (attached) EPA 

2. Application for Section 3 

f ~'-Registration for Aspergillus flavus 

An l·"llr; larrj 0 F36 for use on cotton in Arizona 
(AZ), Texas (TX). 

Form 8570-1 .· 

3. Transmittal Letter and attachments f3ra>i!>'""'"' }IJ,-c4kef ? /1 {/o:z.. g 
&l'A reJe,,.,._ / ' 4. Risk Assessment of Aspergillus ' 

navus AF36 lq,:Sfe,- Dao#,_,ed T/51:;> , A 
(Federal Register Notice of FHing) 

5. Petition for a permanent 

bt>. •er><'•~,, dc~ael o/t:J62 exemption from the requirement of a c tolerance for residues of products 
containing the active ingredient 
Aspergillus flavus AF36 on cotton 
(PPBE500t) 

6. Specific References to Supporting 

qf~l.e/ Data for the pesticide petition from ') e.,e. See IR-4 for Aspergillus f/avus AF36, and c the pending Section 3 registration for 

biblj7j' 
afk.ch,/ 

(EPA File Symbol 71693-R; 
/,,/,l;7yly PPBE5001; OPP Identifier Number(s) 

). 
See references below. 

.//~ . , 1;jz. 

Page 3 of 9 
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%95 90:S1 C00C-0C-)30 

I TITLE·.{Title of document) I Classification 

43763400 USDN ARS and IR-4 (l 995) Submission of Product Chemistry, Toxicity, 
and llisk Data in Support of an Experimental Use Permit for c Aspergillus flavus AF36. Transmittal of 5 Studies. 

SUBMITTED IN SUPPORT OF: 069224EXl 
SUBMITTED IN SUPPORT OF: 5E4575 

43763401 Cotty, P. (1995) Aspergillus flavus Isolate AF36--Producl 
Identity and Disclosure of Ingredients, Manufacturing Process , 
and Discussion on the Formation of Unintentional Ingredients: c t Lab.Project Number: PR 52B. Unpublished study prepared by 
USDA/ARS. 85 p. 

SUBMITTED IN SUPPORT OF; 069224EX1 
SUBMITTED IN SUPPORT OF: 5E4575 

43763402 Cotty, P. (1995) Asperglllus Davus Isolate AF36--Analysis of 
Samples, Certification of Ingredient Limits, Analytical Methods 
for Certified Limits, and Physical and Chemical Properties: Lab c Project Number: PR 52B. Unpublished study prepared by 
USDA/ARS. 8 p. ' 

SUBMlTTED IN SUPPORT OF: 069224EXl 
SUBMITTED IN SUPPORT OF: 5E4575 

43763403 Cotty, P .; Hartman,'C .. (1995) Aspcrgillus flavus Isolate 
AF36--Safety Data in Support of Petition Proposing a Temporary 
Exemptiori· fronl the Requirements ofa Tolerance for Aspergillus c · flavus fOr Use in Cotton J>t:oduction: Lab Project Number: PR 
52B. Unpublished study prepared by USDA/ ARS and IR-4. 882 p. I 

' SUBMITTED IN SUPPORT OF: 069224EXl 
SUBMITTED IN SUPPORT OF: 5E4575 

43763404 Cotty, P. (1995) Aspergillus flavus Isolate AF36: 
Hypersensitivity Incidents with Microbial Pest Control Agents: c Statement ofFinding No Hypersensitivity: Lab Project Number: 
PR 52B. Unpublished study prepared by USDA/ARS. 4 p. 

SUBMITTED IN SUPPORT OF: 069224EX l 
SUBMITIED IN SUPPORT OF: 5E4575 

43763405 Cotty, P.; Hartman, C. (1995) Aspergillus flavus Isolate c AF36: Product Performance Data: ·Lab Project Number: PR 52B. 
Unpublished study prepared by USDA/ARS and IR-4. 145 p. 

SUBMITTED IN SUPPORT OF: 069224EX1 
SUBMITTED IN SUPPORT OF: 5E4575 m·1. -, I~ /z_ Zt? "(} 

Page4 of 9 
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90'd %96 90:£! ~00G-0G-J3G 

/ TITLE· (Titre of document) ! Classification 

43972400 Interregional Research Project No. 4 (1996) Submission of Product c Analysis and Toxicology Data in Support of an Experimental Use 
Pennit for Aspergillus flavus AF36. Transmittal of3 Studies. 

SUBMITTED IN SUPPORT OF: 069224EX1 

43972401 Cotty, P. (1996) Aspergillus flavus Isolate AF36--Analysis of 
Samples, Certification of Ingredient Limits, Analytical Methods 
for Certified Limits: Amendment No. 1to1.1RID No. 43763404: Lab ( Project Number: PR 52B: 52B. Unpublished study prepared by 
Southern Regional Research Center, USDN ARS. 6 p. 

SUBMITTED IN SUPPORT OF: 069224EX1 

43972402 Cotty, P. (1996) Aspergillus flavus Isolate AF36: 
Hypersensitivity Incidents with Mlcrobial Pest Control Agents: 
Statement of Finding ofNo Hypersensitivity: Amendment No. 1 to c MRID No. 43763404: Lab Project Number: 52B: PR 52B. 
Unpublished study prepared by Southern Regional Research 
Center. USDN ARS. 4 p. 

SUBMITTED IN SUPPORT OF: 069224EX1 

43972403 Shelton, L. (1996) Acute Oral ToXicity $tudy in .Rats: 

v (Aspergillus flavus A.F36): Final Report: Lab ProJect Number: c M96AG84.6G31: MA M96AG84.6G3 l. UnpubLisbed study prepared by' 
Mictobiological Associates, Inc. 59 p. 

SUBMITTED IN SUPPORT OF: 069224EXI 

43990000 Interregioaal Research Project No: .4 (i996) Submission of Product c Chemistry Data iii Support of the Application for Experimental 
Use Permit for Apergillus flavus AF36. Transmittal of 1 Study. 

SUBMITTED IN SUPPORT OF: 069224EX1 

43990001 Cotty, P. (1996) Aspergillus flavus Isolate AF36~-Product 
Identity and Disclosure of Ingredients, Manufacturing Process, 
and Discussion on the Fonnation of Unintentional Ingredients: c Amendment No. 1 to MRID 43763401: Lab Project Number: PR 52B. 
Unpublished study prepared by USDA/AR.S, Southern Regional 
Research Center. 6 p. 

SUBMITTED IN SUPPORT OF: 069224BX1 

44597000 Interregional Research Project No.4 (1998) Submission of 
Product Chemistry Data in Support of the Petition for Tolerance c of Aspergillus flavus isolate AF36 in!on Wheat. Transmittal of 
1 Study. 

SUBMITTED IN SUPPORT OF: 8E5001 , 
Page 5 of 9 )J1{J'- · ·
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TITLE: ITitle of document) Classificatlon 

44597001 Cotty, P.; Antilla, L. (1998) Aspergillus flavus Isolate 
AF36 Manufacturing Process and Discussion on the Fonnation of c ( Unintentional Ingredients. Amendment No. 2 :MRID 43763401: Lab 
Project Number: 52B. Unpublished study prepared by USDA/AAS, 
Arizona Cotton Research and Protection Council and Rutgers 
Univ. 38 p. 

SUBMITTED IN SUPPORT OF: 8E5001 

44626100 Interregional Research Project No. 4 (1998) Submission of 
Product Chemistry Data in Support of the Petition for Tolerance c of Aspergillus flavus isolate AF36 inion Cotton. Transmittal 
of! Study. 

SUBMITTED IN SUPPORT OF: 069224EX1 
SUBMITIED IN SUPPORT OF: 5E4575 

4626101 Cotty, P.; Antilla, L. (1998) Aspergillus flavus isolate 
AF36-Analysis of Samples, Certification of Ingredient Limits, 
Analytical Methods for Certified Limits: Amendment No. 2 to c MRID No. 43763402: Lab Project Number: 52B.' Unpublished study 
prepared by USDNAAS, and Arizona Cotton Research and 
Protection Council. 33 p. 

SUBMITTED IN SUPPORT OF: 069224EXI - . . : ' . -

SUBMITTED IN SUPPORT OF: 5E4575 

44713.700 Interregional Researcl1 Project No.4 (1998) Submissicin of . 

Product Cbemi.Stry Data in Support oftbe'Petition for_ c Tolerances of Aspergillus flavus in/o_n Cotton.· Tr:ansmittal of 
1 StUdy. 

SUBMITIED IN SUPPORT OF: 8ES001 
SUBMITTED IN SUPPORT OF: 5E4575 
SUBMITTED IN SUPPORT OF: 069224EXI 

,44713701 Cotty, P.; Antilla, L. (1998) Aspergillus Flavus isolate 

\I AF36--Amended Manufacturing Process--Amendment No.3: Lab c Project Number: 52B. Unpublished study prepared by IR-4. 
21 p. 

SUBMITTED IN SUPPORT OF: 8ES001 
SUBMITTED IN SUPPORT OF: SE4575 
SUBMITTED IN SUPPORT OF: 069224EX1 
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TITLE: rTit!e of document1 Classification 

45307200 USDA/ARS Southern Regional Research Center (2001) Submission of c Environmental Fate Data in Support of the Petition for 
Tolerance of Aspergillus flavus Isolate AF36/Cotton inion 
Cotton. Transmittal of2 Studies. 

SUBMITTED JN SL'PPORT OF: 5E4575 
SUBMITTED JN SUPPORT OF: 069224EX1 

45307201 Cotty, P. (2001) Aspergillus flavus Isolate AF36: Safety 
Information (Soil and Air Monitoring of Populations of A 
flavus): Lab Project Number: 52B. Unpublished study prepared c· by Interregional Research Project No.4. 130p. 

SUBMITTED IN SUPPORT OF: 5E4575 
SUBMITTED TN SUPPORT OF: 069224EX1 

Start here 

45739100 Interregional Research Project No. 4 (2002) Submission of 
Toxicity and Exposure Data in Support of the Petition ·for 
Tolerance of Aspergillus flavus on Cotton .. Transmittal of 4 
Studies. 

SUBMJTTED JN SUPPORT OF: 2E6497 c 45739103 Smith, D.; Cotty, P .; Braverman, M.; et al. (2002) Aspergillus 
flavus Isolate AF36: Non-Target Organism and EnVironrrtental 
Safety Information: Lab Project Number: IR-4 PR N0.52B: 
Unpublished study prepared by Soil & Crop Sciences, SOuthem 
Regional Research Center USDAIARS, Rutgers University and· 
Arizona Cotton Research and Protection Council. 57 p. 

SUBMJTTED JN SUPPORT OF: 8E5001 

45739101 Blanchard, E.; Carter, J. (2002) Aspergillus flavus AF36: Acute 
Puhnonary Toxicity and Pathogenicity to the Rat: Interim c Report: Lab Project Number: UAR/006. Unpublished study 
prepared by Huntingdon Life Sciences, Ltd. 86 p. {OPPTS 
885.3150) 

SUBMITTED IN SUPPORT OF: 8E5001 

Page 7 of 9 
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[ TITLE· (Title of document) I Classification 

45739104 Antilla, L.~ Cotty, P.; Braverman, M. (2002) Aspergillus flavus 
Isolate AF336: Hypersensiti-?ty Incidents: Lab Project Number: 

c 52B. Unpublished study prepared by Arizona Critton Research and 
Protection Council, Southern Regional Research Center and 
Rutgers University. 18 p. 

SUBMITTED IN SUPPORT OF: 8E5001 

45739102 Mayer, _D. (2001) Honey Bee Field Study of Aspergillus flavus 
AF36 in Cotton: Lab Project Number: WSU 00-011. Unpublished c study prepared by Washington State University. 30 p. {OPPTS 
850.3040, 885.4380) 

SUBMITTED IN SUPPORT OF: 8E5001 

5307202 Cotty, P. (2001) Aspergillus flavus Isolate AF36 Non-target 
Organism and Environmental Safety Infonnation (Soil and Air 
Monitoring of Populations of A. flavus): Lab Project Number: c 52B. Unpublished study prepared by Interregional Research 
Project No.4. 130 p. · 

SUBMITTED IN SUPPORT OF: 5E4575 
SUBMITTED IN SUPPORT OF: 069224EXI 

45798100 Southern Regional Research Center (2002) Submission of Toxicity 
Data in Support of the Registration of Aspergillus flavus AF-36 c and the Petition for Tolerance of Aspergillus flavus isolate 
AF-36 inion Cotton. Transmittal of2 Studies. 

SUBMITTED IN SUPPORT OF: 8E5001 

45798101 Blanchard, E. (2002) Aspergillus flavus AF36: Acute Pulmonary 
Toxicity and Pathogenicity to the Rat: Lab Project Number: c UAR/004: UAR004/014519/AC: PR 528. Unpublished study prepared 
by Huntingdon Life Sciences Ltd. 53 p. {OPPTS 885.3150) 

SUBMITTED IN SUPPORT OF: 8E500J 
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\ TITLE· (Title of document) l Classification 

45798102 Rodgers, M. (2002) Toxicity/Pathogenicity to the Bobwhite 
Quail: Avian Inhalation Test Tier 1: Aspergillus flavus AF36: 

( Lab Project Number: UAR 005: UAR 005/022336: PR 52B. 
Unpublished study prepared by Huntingdon Life Sciences· Ltd. 21 p. {OPPTS 
885.4100} 

SUBMITTED IN SUPPORT OF: 8ES001 

45798200 Southern Regional Research Center (2002) Submission of Toxicity 
Data in Support of the Registration of Aspergillus flavus and c the Petition for Tolerance of Aspergitlus flavus Isolate AF36 
in/on Cotton. Transmittal of 1 Study. 

SUBMITTED IN SUPPORT OF: 8E5001 

5798201 Blanchard, E. (2002) Aspergiltus flavus AF36: Acute Pulmonary 
Toxicity and Patbogenicity to the Rat: Lab Project Number: 
UAR/006: UAR 006/023279/AC. Unpublished study prepared by c Huntingdon Llfe Sciences Ltd. 61 p. {OPPTS 885.3150} 

SUBMITTED IN SUPPORT OF: 8E500L 
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Interregional Research Project No. 4 
Center for Minor Crop Pest Management 

Shanaz Bacchus 
l~iopcsticidc and Polh1tio11 Prevention Division 
Doc111nc11t I)roccssi11g Desk 
Onlcc of Pesticide Progran1s 
LJ.S. Envin1111ncnt;;il Protection 1\gci1cy 
Second Floor, ('rystal l'vtall 2 
l1J2 I JcfTcrson D<1vis 1-ligh\vny 
;\rlington, V1\ 22202-4501 
(701)308-8097 

[)ear Shan<iz 

RJ:: 1\spcrgilh1s Jla\11s ;\f36 

tvfarch 25, 2002 

•••• . . . . . 
• • •••••• • 

•••• • • .... 
•• • • • • • • • 

1\s yo11 rcq11cstcd during our convcrsati{ln on t\1r1rch 20, 2002 I have atU1chcd a 
s11111111nry of the toxicology research . t-\ddi1iona1 toxicology \York has been subn1ittcd 
prcvio11sly. therefore this s11111111<1ry1.inly represents research not yet s11hn1itted to EP1\. 
·rhcsc \viii be suh1nittecl along \Vi th the Section 3 registration package. 

·rhere luivc not been ;1ny <iclvcrsc nllCcts attrih11t<ihle to J-\spcrgillus flav11s AF3(1 and 
the pri1nary points ol' consiclcr:nion fOr the cu11ti11t1iltio11 :ind ex puns ion of the ELJP and 
<ire as IOllo\vs: 

I. ·rhe honey bee st11dy cletenni ncd th<1t Aspcrgilh1s flavi 1s AF36 is cnnsidcred non­
hnz<1rdcins. 

2. 'f'hcrc \Vi.IS 110 evidence orinlCctioi1s risk in either avia11or11i<i1nni;,1lia11 sti1dics 

3. '!'here have been no reported adverse el'fccts di iring the rese<irch or ElJP phases of 
proc111et prodi1ctii111, devclopnicnt nnd evnh1ntion. 

4. 1\spcrgilh1s llnvi1s 1\F3<i is alrencly fcn111cl in the soils ol'the states req11ested in the 
t~ll P. 

·rcchnology c:e111rc or)\('\>; Jersey 
6~ l t_;.s. I ligh\VilY fl I So1nh. No11h Hnins\~·ick. NJ ()8902-3390. 712/9:)2-9575. }~:ix: 7.12/912-8·.\Sl 

...... 
• • • • • 
• ••••• • • •• ..... 

• • ..... 
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5 .. ~\Jlatoxin is a kno\vn toxin and 1\spergilhts JlavHs AF36 has the ability to reduce 
this toxin. 

• ••• 
'f'hank you fnrcontinucd guidaitcc itt the EUP process. 'l'ltc l~UP for ,\rizona and.!. 
Texas \Viii enable additional infonnation to be collected so thnt EPA can n1akc a 
better infOnned tlecision \vhcn the Section 3 registration package is sHb1nit1ed. 

'l'ltank yoit for your t in1c in revic\v ing th is in l(lrtnation. 

• 
• • •••••• • 

• ••••• • • • • 
• ••••• . . 
••••• • • • •••• 

:Vficlincl Bravcnnan, Ph.D 
Biopesticide Coordin:Hor 
IR,4 Project, R.tttgcrs University 
'l"cchnology Centre ofNc\v Jersey 
681 lJ.S. I-Iighway I SoHth 
North Bruns\vick, Nc\V Jersey 08902,3390 
'fel (732)932,9575 ext 610 
FAX (732)932~8481 
h ra vern1 an ~Dacso p. n t t gc rs. ed u 

E:nclosttre, cfoxicology Sun1tt1ary 

• • • • • . . . . 
• • • • • • • • • 



301

• 

• 

Preliminary Summary of Toxicology studies on Aspergillus flavus AF36 

Michael Braverman, IR-4 Project March 25, 2002 

This is a preliminary sun1mary of the results of toxicology studies of Aspergillus flavu!f • •• 
AF36 in bees, birds and rats performed during 2001and2002. We are awaiting the•••• 
reports with detailed infonnation from the toxicology laboratory (Huntingdon Life 
Sciences, Ltd. Huntingdon, England). In addition to these studies, through the history af 
laboratory research, production of A.flavus-colonized wheat seed and in field use of:tJJj~:. 
product under the current EUP, there have not been any reported ill effects. This ha!> 
included manufacturing personnel, field and laboratory staff, and gro\vers and field 
workers. Applications of Aspergillus flavus AF36 have been made to commercial fie!& 
since 1996 and a total of over 40,000 acres of commercial cotton in Arizona have beert • •. 
treated with Aspergillus jlavus AF36. Over 400,000 pounds of wheat seed colonizeq ~·y: 
Aspergillus flavu.s AF36 has been produced at the manufacturing facility in Phoenix.! • •• • 
This facility has been developed and built by a partnership between the Agricultural 
Research Service of the United States Department of Agriculture and the Arizona Cotton 
Research and Protection Council (ACRPC). The ACRPC is statutory agency of the State 
of Arizona and is run by a board of cotton producers appointed by the Governor of 
Arizona in consultation with the Arizona Cotton Growers Association. 

Previously submitted information has documented that Aspergillusjlavus is common on· 
crop and native plants and in soils throughout the areas in which Aspergillus jlavus AF36 
will be applied. Furthermore, it has been docun1ented that Aspergillus jlavus AF36 is 
ubiquitous in the areas of Arizona and Texas for which Experimental Use Permits have 
been requested. 

Material for Toxicology Studies 
For all studies Aspergillus jlavu.s AF36 was produced in the same manner as when 
applied to commercial fields for reduction of aflatoxin producing fungi. For the initial 
mammalian study conidia were produced on sterile wheat seed in sterile bottles just prior 
to animal dosing. The conidia were washed from the wheat with rigorous shaking in 
0.5°/o Tween 80. In subsequent studies, the avian study and the dose-range study in rat, 
the conidia \vere washed from the wheat in sterile physiological saline. For the bee study, 
colonized wheat seed was applied to a commercial cotton field in the routine manner. 

Honey Bee Study 
A sb1dy was conducted by The Bee Group of Washington State University. AF-36 
colonized wheat seed was applied aerially at 10 lb product/acre to a 40 acre cotton field 
near Eloy Arizona. This is the rate always used in treatment of commercial fields. A 40-
acre control plot was also included. Twelve European Honeybee colonies in the plots 
were observed for the number of dead bees, number of foraging bees and number of 
frames of adult bees from 3 to 30 days after application for a total of24 evaluations. 

Researchers used a rating scale in which <100 dead bees/colony /day is considered 
normal die off (Non-hazardous). Less than 100 bees died (Maxin1um 86) in all 

•••••• • • • • • 
•••••• • • .. 
••••• • • ••••• 
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evaluations in the treated plot. Greater than 100 bees died (122 and 114)in the untreated 
plots during 2 of the 24 evaluations. There were significantly more dead bees in the 
treated plots on three of the ratings. There were significantly n1ore dead bees in the 
untreated plot at one of the ratings. There was no significant difference in the number of 
bee foragers or frames of bees between the treated and untreated plot. The researchers 
concluded that AF36 is non-hazardous to bees and can be applied to cotton in bloom -Mn;• •••• 
minimal hazard. 

Avian Inhalation Study • 
Study was conducted by Huntington Life Sciences, England. Thirty Bob\vhite Quail; ••• :• 
received five mean daily doses of AF36 at 3. 75 x I 05 cfu per bird by intratracheal 
instillation. Two groups often birds were allocated as controls: negative control (five 
unclosed birds and five birds receiving the vehicle) and a heat-killed control. • 

•••• • • •••• 
There \Vere no treatment-related mortalities. Observations over 35 days showed no •• • • • • 
clinical signs of toxicity and no treatment-related effects evident in either bodyweigJ-n •• 
change or food consumption. No abnormalities were observed at macroscopic post 
mortem examination. Treatment with Aspergillus jlavus AF36 produced no toxicity and 
no infectivity. 

Mammalian Studies 
The initial pulmonary rat study which resulted in lethality in a significant number of 
animals treated with either the live Aspergi!lus jlavus AF36 in Tween 80 or heat killed 
Aspergillusjlavus AF36 in Tween 80. Onset of symptoms was rapid after dosing with all 
deaths occurring by day four of the study. All rats surviving to day four of the study 
recovered and all rats sacrificed (as scheduled) on day 8 or day 15 of the study had totally 
eliminated viableAspergil!usjlavus AF36 from the lungs, ceacal contents, and faeces. 
There was no evidence of infectivity. The aetiology of deaths was unclear. However, it 
is possible that Aspergillus jlavus AF36 prepared using Tween 80 caused a severe acute 
inflammatory response. Retrospective literature revie\v and consultation with a 
toxicologist supported the theory that the responses were a result of a synergism with 
Tween 80 and/or of Tween 80 breakdown products formed during preparation of the 
spore suspension. 

A second rat study \Vas therefore undertaken. In the second study the conidia were both 
\vashed from the wheat and suspended in sterile physiological saline instead of Tween 80. 
Animals (2 male and 2 female for each treatment level) were dosed at 0, 105

, 106
, 107

, 

and 108 colony forming units per rat. There were no clinical signs in any of the treatment 
groups considered to be associated with the test substance. Rats were sacrificed at day 8 
without treatment associated mortality. No abnormalities were observed in any of the 
animals at the macroscopic examination at termination. 

Based on these two mammalian studies, we concluded that Aspergillus jlavus AF36 does 
not present either a toxicological or an infectious risk to mammals. 

•••••• • • • • • 
•••••• • • .. 
••••• • • ••••• 
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United States Enviror1mental Protection Agency 

Dr. Michael Braverman, Coordinator 
Interregional Research Project No.4 
681 US Highway #1 South 
North New Brunswick, NJ 08902 

2002 

Subject: rY1inutes of Meeting - Section 3 Registration: Aspergi!fus f!avds AF36 

Dear Dr. Braverman: 

This letter responds to your letter of June 7, 2002 regarding the riilnutes of the meeting 
held here in Crystal City, May 30, 2002, to discuss the proposed Section 3 registration 
of Aspergilfus flavus AF36. 

The studies needed to complete the package are the mammalian toxicology studies to 
demonstrate the pulmonary effects of the active ingredient and the non-target avian 
pulmonary and honey bee study. Reqwests to waive data for other non-target organism 
or any other studies to fulfil ecological effects or other guldellne requirements must be 
submitted in \Vriting and be accompanied by sound scientific rationales. 

When setting your goals for the Section 3 registration, please keep in mind that the 
approval depends on the timely submission of data as well as the acceptability of the 
submissions. If data reviews identify deficiencies, then supplementary data may be 
required to address those deficiencies. Such situations must be factored into your time 
line. 

With regards to the label, you must consider the Agency's label requirements as 
outlined in the label review manual and the 40 CFR and modify the label accordingly. 

You mention that you were not aware of aflatoxin reduction being a public health issue. 
In the Federal Register notice of February 14, 1996, (FR vol. 61, p. 5771) the Agency 
published the Notice of Receipt of the application for the Experimental Use Permit as 
SB:71693R:7302002:7511C 

CONCURRENCES 

1s1 :c I 

1

1:C:1?L01 lcH1eV1rJ vA "~~2 ·' 
b '01- Aw. (, >cool (il_.,, i, ' L 

. j ................. . 
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being of regional and national significance. Again on June 14, 1996, the discussion of 
the granting of the Experimental Use Permit (FR vol. 61 p. 30235) stated that the use of 
the microbial pesticide is intended to "protect public health". Efficacy data are required 
for all.pesticides to mitigate public health hazards. 

I trust that the foregoing clarifies the minutes of the meeting. !f you have any additional 
questions regarding this registration, do not hesitate to email Shanaz Bacchus at 
bacchus.shanaz@eoa.gov or call her on 703-308-8097. 

-~ ~~£'-<-
Phil Hutton, Chief , c__· -
Microbial Pesticides Branch 
Biopesticides and Pollution Prevention Division 



305

• 

• 

. ':: 
. AGRJi:HE:.MIC,1,~S·' 

lllOUSTirr'' ,. ,, 

Interregional Research Project No. 4 
Center for Minor Crop Pest Management 

Dr. Janet Andersen 
Biopesticide and Pollution Prevention Division 
Environmental Protection Agency 
Room 910, Crystal Niall 2 
1921 Jefferson Davis Highway 
Arlington, Virginia 

RE: Aspergillis flavus AF36 PC Code 006456 

June 7, 2002 

i\riinutes of meeting- Section 3 Registration May 30, 2002 

EPA Participants- Janet Andersen, Phil Hutton, Shanaz Bacchus1 Gail Tomimatsu, 
Zigfridass Vaituzis, Carl Etsitty 

Registrant Related Participants- Pe[er Cotty-USDA/ ARS, Phil \V akelyn, Keith iYienchey­
National Cotton Council, Larry Antilla- Arizona Cotton Research and PTotection Council, 
Chuck Youngker,.Arizo.na Cotton Growers Association, Michael Braverman-IR-4 Project. 

Dear Janet: 

On behalf of the USDN.A.RS, National Cotton Council, Arizona Cotton Council, Arizona 
Cotton Growers Association and the IR-4 Project, I would like to thank you and your staff for 
taking the time to meet with us to discuss the section 3 registration of Aspergillis flavus AF-36 

' on i'v1ay 30, 2002. \Ve were especially impressed \Vi th your interest and questions about the 
project and its importance to gro\vers and public health. According to my records, the last 
Section 3 meeting was held about t:wo years ago on June 27, 2000 (copy attached). It appears that 
from that previous meeting it was agreed that the. studies_needed to complete the registration 
package \vere the toxicology studie , \Vhich haverfO'Wi;'een corr;pleted: -l j 

~wt>V~~~ + Au-it *<s,U-- i:i,c< °""' r ~ ~ 

Technology Centre of New Jersey 
681 U.S. Highway #l South·. North Bn1nswick. NJ 08902-3390 • 732/932-9575 •Fa;<: 732/932-848 l 
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;"'\ . "If.~(...;;-:;; (';:/C,..<!4 TV'/,,;.<-'--·~, . .· (,. - ,(l . ' . - _,__ ~'].(..£..;:. , .. f- '.<.r~ 
I (,-.---. . • · .......;r: ,..., "\ /.} •. <--<--"-- I - . I~ f i}_ ,-,;__,_ "'!' ;+ 9<.Z- .:.,.,._.-1.-'•.•_,,.,.-,,_...-.J /+f,0 u"'"·l-L/·Cv A ... 'f<f,' ''.a_; ,,..,.,_,.~_I.ii)·<: /J), 1.,,i ~.J.',-\ µ,:v._.v ·-.< I ·//_?' ,_. . I· , •' {) .C. .QA.-c:!..J ~-'-' r ...,V - - .. uvv o . _, ' . .. ,. .. -·1c-... -·........... • ~w . , .. 0.:'--·::...-_..~::-.,·,·,-(:.'.-:,.,._,_~--.) /./-:;,-- /I [,.,:.a_,c.~<1" ,_, I ,_t(..l}:.;0,, . ; . -\.Gf_,,__,- [.--,:> ·i·.-,,.';_;?' .. ,__,) ,)v;_.,u<- f,..Jl_.~.J 

. · . . r,. \ . ·'. !"'-"<~" .,.-- . . rt<...-V . 
The most tmportant highlights of the· current meeting ·and our understandtng of what is needed to · 
complete the data requirements for Section 3 registration for Af-36 and the timetable for EP,t}.. ~ 
review of these data are as fo!!ows: c·a ' '.,.{f-..,,..,,.~ 

Wt1,i1,r~r- 1'-'l"f::~.,./t-.s. , 
When formally submitted (and assumtng they are acceptable). the mammalian, avian and bed 6 T 
toxicology studies will essentially complete the dat9 reqtzirements for the section 3 registration. 

lvfany parts of the current label language were develop'ed due to the lack of toxicology data and 
if justified, can be modified. 

The goat for section 3 registrati'on is Febn1.ary 2003 so that we can a_)l.otd th,{! inefficiency of 
ha~ing to request and re_vlew an additional expansion of th.e E[f P. .· ; ... ..-.

1 
.. :lf-f~-<: .. _'°{. '-~ :.;~·::·.) _. __ 1·, ',. . 

-.:-;.u_!h,"'.1,.;.- s ;_;_.,,. .r'I,._; c;...f_ t<- (~'->'"~r(_~ /-..: {1,-._~fr~'~j t,'... Gt_.; ... .A._ f.·l 1. ,.;:_.t -rt.-Sl.~~" j 'f ,,_..,.,-, .... ~ _. · ·' <-

The following are our minutes froln the current meeting. 

Phi! Wake!yn inade some opening comments about the importance of this project·to cotton 
growers and that this was a grassroots effort, made up of direct interactions among growers, gins 
and public agencies. The product is manufactured by the Arizona Cotton Research and 
Protection Council (a component of the Arizona Department of Agriculture) and distributed 
directly to growers. He also highlighted the fact that there are no chemical alternatives to 
aflatoxin management and the agricultural industry welcomed an effective biopesticide solution. 
EPA appreciated the innovative approach and direct grower involvement. 

Larry Anti!!a talked about the building of the production facility in .Arizona over the last 3 years 
and that about 46,000 acres had been treated. Case studies of aflatoxin reduction figures on 
several fanns were reviewed. One farm with approximately l ,000 acres of cotton had-previously 
never been able to produce cottonseed below 20 ppb. In 2000, that fann produced seed with 
acceptable aflatoxin contents (<20 ppb) on 82% of its l 7 treated fields and in 2001, 86% of 
treated fields produced cottonseed with acceptable aflatoxin contents. Chuck Younger gave a 
persona! perspective on the aflatoxin problem in Arizona and noted that growers have committed 
$2.4 million dollars to the research program. In addition, it was pointed out that the only means 
of mitigation for high aflatoxin levels in seed involves the injection of anhydrous ammonia, 
which is caustic and poses human health risks. 

There was a general discussion of the toxicology data (which \Vas unofficia!!y submitted in early 
May). It was genera!!y agreed that the T\veen 80 used in the first mammalian study was 
responsible for some effects that were not related to AF36 which was confirmed by the second 
study. The toxicology data constitutes the remaining portion of the registration package to be 

_ submitted and must be officially submitted before being considered. 

* iviany parts of the current label language \Vere developed due to the lack of toxicology data and 
if justified, can be modified. The combination of acceptable toxicology data , the tack of an 
increase in total Aspergi!!us and a reduction in aflatoxin producing spores a!! contribute to a -'/ 
favorable risk profil~_~ __ Jp_ g9 __ c)]._<"!nge in e~P.osure ~qmbiq~_Q_:yilb_~e.d.u_c_~_c__:l .. ha?ar.d_of A.F_: __ 3.~.!J1e ___ . 
spores to the environment. Some of the more specific pans to be considered included adding a 

,_ .. ~;(. L- ', V'; ,.' 

' 
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statement that AF36 can be applied to irrigated fields, removal of the buffer statement, wind 
direction statement, modification of the 12 month storage statement, statement related to 
iq~uci~g ;::om~~,ing; an.~ perhaps s.om~ ?_thers. _ Q __ i1~:~~-~.~ :(·:'~-~( ~·1.\!, >· _ k1 _,~:f~.~'~'--,<t '}'-·· ... l.~ 
L""!.,.'-· .. 0 ,. L ... ,. ,.,.:<.; .• -!!-.:....J.C .. L<·- Lt.·">·~~·r~l·:i<---<-'--'.:....· L·c• .. iv ... lf-1, ·-·< J 2o·., -f-L{.-,-~' -~· !L"--'i_,.i..;.·'-'·~"v-· -- · 

There was general discussion about the distribution of the -S strain of A. jlavus with regard to 
areas that the section 3 registration \.vould include. Initially the registration would cover Arizona 
and Texas. ' 

In the final topic of discussion Phil Hutton questioned the need for a genetic marker test. He 
deferred this to John Kough (one of the science reviewers not at the meeting). Peter Cotty 
reviewed conunents and data previously submitted on the reliability of the vegetative 
compatibility test and the stability of AF36 as a genetic group and its .frequent occurrence in the 
environment and explained the history and reliability of the vegetative compatibility method. He 
indicated that redlUldant Vegetative Compatibility Testing (VC testing) was a component of the 
quality control procedures previously submitted and used in the manufacture of Aspergillus 
flavus AF3~\g_ers0nnel are readily trained to perform VC testing and thousands of such analyses 
are performed annually in order to assess efficacy of AF36 treatments. A DNA based technique 
could not be practically applied in as robust a mannerJJanet Andersen mentioned that a lot of 
additional knowledge had been Collected since the time the genetic marker test was suggested 
and that the redundancy of the QA/QC was probably adequate. Janet also suggested that we try to 
submit most of the information in electronic fonnat in addition to the hard Copies to facilitate 
review . 

i'vfichael Braverman, Ph.D 
Biopesticide Coordinator 
IR-4 Project, Rutgers University 
Technology Centre of New Jersey 
681 U.S. Highway 1 South 
North Brunswick, Ne'l.v Jersey 08902-3390 
Tel (732)932-9575 ext 610 
fAX (732)932-8481 
bra vennan@aesop.ru tgers. edu 

cc: Phil Hutton, Shanaz Bacchus, Gail Tomimatsu, Zigfridass Vaituzis, Carl Etsitty, John Kough 
Peter Cotty, Phil 1v'lal<elyn, Keith Menchey, Larry Antilla, Chuck Youngker, Bob Holm 

•,"'I 
''..::_,' 
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Interregional Research Project No. 4 

Center for Minor Crop Pest Management 

l'vls. Shanaz Bacchus and lvfr. Phil Hutton 
US EPA 
BPPD/OPP (7511 C) 
Crystal Mall No. 2 (R<)_om 902) 
192 I Jefferson Highway 
Arlington, VA 22202 

Subject Pre-registration meeting on Aspergi!lus 
tlavus AF36 on Cotton in Arizona 

Dear Ms. Bacchus and Mr. Hutton: 

JUL 11 2DDD 

Thank you for arranging the meeting at EPA on June 27, 2000. We found the meeting 
informative and productive. This letter is to confirm our understanding of the meeting between 
the US EPA, the Arizona Cotton Research and Protection Council, the National Cottoll Council, 
Arizona Cotton Growers, IR-4 and Dr. Peter Cotty of the USDA/ARS. The following people 
were present. 

US EPA 
Michael Watson 
Doug Gurian-Sherman 
Zig Vaituzis 
Phil Hutton 
Shanaz Bacchus 
John Kough 

IR-4 
Bill Biehn 

OPP/BPPD 
OPP/BPPD 
OPP/BPPD 
OPP/BPPD 
OPP/BPPD 
OPP/BPPD 

Coordlnator 

continued .. 

Technology Centre of New Jersey 
681 U.S. High wily #1 South• North Brunswick, NJ 08902-3390 • 732/932-9575 ·Fax: 732/932-8481 
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Page 2 
iVIs. Shanaz Bacchus and i'vlr. Phi! Hutton (con't) 

Arizona Cotton Research and Protection Council 
Larry Antilla Staff Director 

Arizona Cotton Growers Associatton 
Chuck Young.ker President 

USDA/ARS 
Peter Cotty 

National Cotton Council 
Phtllip J. Wakelyn 

Research Plant Pathologist 

Senior Scientist 

The purpose of·this meeting was to dtscuss addtttonal registration requirements needed 
for a full Section 3 registratton for atoxtgenic Asper2:illus flavus AF 36 for use on cotton in 
Arizona and the results of Dr. Cotty's research on the airborne spore levels of flavus in treated 
and untreated fields. Dr. Cotty also presented additional information regarding the widespread 
occurrence of A. flavus tn the natural desert habitats tn Arizona as well as other results. 

Points Made During Meettng 

/ 

Peaks in airborne spore counts of A. flavus occur from September to November. The 
number of atrborne spores of A. flavus in cotton fields treated wtth A. flavus strain AF36 
are not stgnificantly dtfferent from the number of airborne spores of 6- flavus in 
untreated fields. 

Acute Pulmonary Toxicitv/Pathogenicttv Requirement in i'vtanunals. 
This study should be conducted utilizing spores of A. f1avus AF36. The dose should be 
based on 100 ti.mes the maxtmum exposure level possible (i.e. 450 cfu/m3 x 100 equals 
4.5 x l O'" cfu/antmal). 

Avian Acute Pulmonarv ToxicirvfPathogenicttv Requirement in Bob,vhtte Quail. 
For AF36, the preferred method ofadmi:nistratton is vta aerosol inhalatton. JR-4 wt!! 
have EPA revtew the protocol before inttiatton of th ts study. 

Honev Bee Testtng Requtrement - EPA \.Vilt provide IR-4 with sample protocols and EPA 
will review the protocol prepared for AF36 before initiation of this study. A field 
exposure study would be adequate. 

,,,,/ .. 6.vian Acute Oral ToxicitvfPathogenicitv Requirement. EPA indicated that thts test could 
be waived. A request for a waiver of th ts study \.vi!! be submitted to EPA. Stnce the 
avian acute pulmonary toxicity pathogenicity study \.Vt!! be done and stnce there is an 
"oral component" to the avian inhalation study, the pulmonary study should be sufficient. 
Additional scienttftc rattonale \.Vil! be provided wtth the formal submission ofa waiver 
request for this study. 

continued . 
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Page 3 
Ms. Shanaz Bacchus and Mr. Phil Hutton (con't) 

-~-- ---------

An application for an expanded and extended Experimental Use Penn1t {EUP) involving 
80,000 to 95,000 acres as well as a request for an extension of the temporary tolerance 
exemption \Vil\ be submitted to EPA in the near future. 

Again, we want to thank you for the meeting. Please inform us of any suggested changes 
or additions to the minutes of this meeting. If we don'.t hear from you in 30 days, we will assume 
EPA is in agreement with the above minutes of the meeting. 

WLB:js 

cc: C. Young.ker 
L. Antilla 
P. Cotty 
P. Wakelyn 
R.Holm 
J. Baron 

Sincerely, 

William L. Biehn, Ph.D. 
Coordinator 
IR~4 Project 
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Conference Call with EPA Thursday, March 13'"· 2003 at 2:30 PM EST 

The following ten individuals are potential participants in conference call from 
outside EPA: 

Dr. Phil Wakelyn, Senior Scientist, National Cotton Council, Washington, DC 
Dr. Michael Braverman, Biopesticide Manager, IR~4, Rutgers University, New 
Brunswick, NJ 
Larry Antilla, Staff Director, Arizona Cotton Research and Protection Council, 
Phoenix, AZ 
Dr. Peter J. Cotty, Research Plant Pathologist, USDA, ARS, SRRC, New 
Orleans, LA 
Dr. Jane F. Robens, National Program Leader, USDA, ARS, Beltsville, MD 
Jeff Nunley, Executive Vice President, South Texas Cotton and Grain 
Association, Victoria, TX 
Craig Shook, Chairman of the Board, South Texas Cotton and Grain 
Association, Victoria, TX 
Clyde Sharp, President, Arizona Cotton Growers Association, Phoenix Arizona 
Hollis Sullivan, Manager, Valley Cooperative Oil Mill, Harlingen, Texas 
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Acvanccs in Utilization of Atox;'genic Strain Techr:otogy to !v1anage J.\flatoxin 1n Commcrc1al Cotton 

Larry Anlilia. Staff Director, Al izona Colton Research and Protection Council, Phoenix, AZ , and Peter J. 
Cotty, Research Pfant Pathologist, USDA-ARS. Southern Region;,I Rese2rch Center, New Oricar,s, LA 

Atox1genic strains of Aspergr/fus flavus can be highly effective agents for iimft!ng or preventing 
2flaloxin contamination of Arizona cottonseed. Field tests in Yuma County, conducted from "1996-1998 
es!ablished lhal application of atcxigenic strain AF36 on colon:zed sterile wheal seed was effective at 
altering lne A. flavus community associated with the treated crop so lhal lhe furg1 associated 'Ni!h the 
crop nad reduced potential to ;:iroduce aflatoxins. This modification v-1as ?.ssaciatcd with reductions in the 
aflatoxin content of the crop. The Arizona Cotton Growers Association through lhe Anzona Cotton 
Research and Proteciion Coi.;ricil (ACRPC) initiated development of a facility io manufacture 
con1merc:aily useful i:;uar:til1cs of atax:gen1c slrair material late in 1998. Design and development of the 
rnanuf.actt.:ring process, rcqu1rad equipment, and facility \Vas underlaken by ACRPC in partners~1ip with 
USDAN\RS The facility has gone through several development phases and material produced at lhe 
:acd1ly has been applied to CofT1~1erc1ili craps since 1999 Coliabora!ive research bet..·•con ACRPC and 
USDAft\RS on the use of atox1gen1c strain technology :o lirr,1l aflatoxin corta1nination of Arizona 
collonseeC continues with lhe goai of developing both a iheoret1cal and pract:cal framework by which 
area-wide reductions in aflatoxin contarnination may be achieved. The year 2001 represents the tn;rd 
season of broad scale corr.mercial wtilization of atoxigenic strain technology. The atoxigcr.ic strain used is 
;'!..spergr//us flavus AF36. This report addresses p~ogress in the manuf;:ictur:ng, application and evaluation 
of atoxigenic stra;n technology on cotton in Arizona dur:ng 2001 

During the 2001 cro9 year a total of eight orgar1i£ed lrealn1e:it .areas reprcsanting eleven cotton gins 
and fifly·l\vo growers 1vcre estabi1shed in Mohave, la Paz, Yuma, lv1aricopa and Pinal Counties in 
Arrzona. A corr.b:ncd :clai of 19,975 acres in all areas received AF36 appllcal;ors with ind!viduai areas 
ranging from 988 lo 4492 acres. Analysis of the 2001 crop revealed cumulat:ve effects of large-scale 
AF36 treatments, Aspergrl!us ffavus communities an crop samples from seventy-one (71} randomly 
seiected trea:ed fields averagea 62.9o/c AF36 and only 1.g 0/o S stra1r. Statewide 1nd1vfdual areas 
reflected :he effects of multi versus firs! year treatments on seed sampics. RolifTexas Hill (85.2o/o AF36: 
,; t~-ti S), Stanfield (70.4o/o AF36. 1.3o/o S), ar:d Paloma (85°/o AF36; 3.3°/o S) sr.owed consistently greater 
AF36 presence on crop than rirs! year treatment sites in Yu1na Gila Vailey (55.6% AF36 0°/o S); Parker 
(42 7"/o AF36; 7.8°!c S) and Bi.;ckeye (5g_5°,f, AF36, O~tr S). The observed fungal co1nrnunity changes are 
particularly significant when considering :he extent of AF36 applications over time and space. 2001 
lreutrr:en'.s were most ex~ens1vc :o date hut represent trea:ment of on!y 2o/o of the tolai available 
agricultural !and mass 1n lhe counties affected. 

Pos1l1ve eftccts on the cofiatoxin content of the crop as indicated oy comrr.crc1at analyses were 
widespread in 2001. in Parker (la Paz County) a !arge block of cotton (3,200 acres) received its first 
treatment of AF36. Even thought this area was treated over 1 month late, at harvest lhe gin repor1ed 
44o/o clean seed (be\O\'/ 20 ppb). This rcp:-csenteci a significant irnprovcment over the 30-yenr average of 
less than 20 percent clean seed. Near Texas Hill (Yuma County) a nev.' treatment area v1as established 
1n anolt1er area \Vilh hcb1tualiy high contamination. Analysis of the h2rvesteU crop sho>ved a ';ery r1gh 
incidence of t\F36 and com1nerc1al lox1n analysis 1nc'icated seed a~latoxin content tielcw 1 O ppb In Pinal 
County, prior to the inhiation of AF36 treatments one farm 1n lhe s:anfeld area had nor produced c!can 
seed in 30 years. By lhG second ye<ir of treatments (2000) fourleen of seventeen f:elds (82o/o) tested 
bciow 20 ppb. ln 2001 after a third year of AF36 applicalio:is 86°/o of the tic Ids 'NC'e below 20 9pb. As a 
'csult the grower was able lo derive an economic advantage through the sale of clean seed. 

if"'1Pro'1en1cnts to manufacturing processes and facitil1cs were made ir. 2002. These irr.[Jrovements 
rcsuited in increased product uniformity and improved product quality. Stabilization of 1ncub<ilion 
procedures \i;cre the most sign1ncant corrective measure. Incubation condi~1ons wi!I be optimized during 
2003. Improvements to facil1tres for prodwct drying were aiso designed in :::'002 and are currently being 
fabricated. 

Proceedings of the 2002 Af!z:toxin Elirn;nation 1;1Jarkshap, San Antonia, Texas, October 22nd~25!h, 20C2 . 

... .. -.................. ··~····-~·~~~--------



313

Further Comments on the Efficacy of Aspergillus flavus AF36 in Response to 
Questions received March 10, 2003, from USSEPA, OPP, Biopesticides and 
Pollution Prevention Division 

Peter J. Cotty, Ph.D., Research Plant Pathologist, USDA, ARS, SRRC, New 
Orleans, LA 70124. Phone: 504-286-4391 

Michael Braverman, Ph.D., Biopesticide Manager, IR-4, Rutgers University, New 
Brunswick, NJ 08902. Phone: 732-932-9575 

Applications of Aspergi/Jus flavus AF36 seek to alter the A. flavus communities 
resident in agricultural fields so that the non-aflatoxin (atoxigenic) strain AF36 is 
more common and highly toxigenic strains (such as the S strain) are less 
cOmmon. This results in reductions in the average aflatoxin producing potential 
of A. flavus communities associated with treated crops and resident in treated 
fields. 

• These are the activities we claim for the product Aspergi/Jus f/avus AF36. We 
do not claim to reduce aflatoxin content to any given level. In some areas 
and years, aflatoxin content may exceed 2,000 ppb in the seed and a fairly 
successful displacement (80°/o) would only be expected to achieve a reduction to 
a level in excess of 400 ppb. Yet, in many cases, the industry and particularly 
the .producer living on the farm, would view this as advantageous. 

Aflatoxin contamination of cottonseed is monitored in several ways in different 
areas. In general, it is carefully monitored going into dairy markets. The FDA 
does not perform this monitoring, although they may do spot checks. Industry 
performs the analyses. Aflatoxin content of the milk is often monitored carefully 
and if toxin is detected (at 0.3 ppb) the dairies begin looking for the source 
(usUally corn, cottonseed, or milo). If toxin exceeds 0.5 ppb, the milk must be 
dumped and the dairy is placed on quarantine. The liability for this generally lies 9 on the provider(s) of the feed. 

The FDA has different action levels for cottonseed going into different markets: 
• Cottonseed may only contain 20 ppb to be used for dairy cattle. 
• Cottonseed containing up to 300 ppb can be fed at beef feedlots (i.e. for 

finishing cattle). 
• Cottonseed meal intended for beef cattle, swine or poultry may contain up 

to 300 ppb aflatoxin. 

Even cottonseed exceeding 300 ppb often has markets. It may be sold to an oil 
mill where the crush must be carefully monitored to maintain meal below 300 
ppb. This seed may be sold to cottonseed brokers that ammoniate the 
contaminated seed to reduce contamination or it may be sold to markets where 
vegetable proteins are so highly valued that process methods for dealing with 
aflatoxin contaminated seeds have been develop (i.e. certain Mexican markets). 
The aflatoxin content of each lot of seed sold into these markets is generally 
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known and identified. The quantity of aflatox1ns influences the value of the seed. 
It is more difficult to ammoniate seed that exceeds 2,000 ppb than seed that is 
only 400 ppb. Seed with lower aflatoxin may be more valuable in secondary 
markets such as Mexico. Seed with lower aflatoxin is more likely to produce 
meal with aflatoxin contents acceptable for some uses. 

It is not unusual for aflatoxin contents to vary by several orders of magnitude 
between adjacent fields and across adjacent years. Thus it is not feasible to 
assess the impact of applications directly on aflatoxin contents. Instead we rely 
on measurements of successful displacement and on.the experience of 
participating gins and producers. Typically, initial areas to be treated are those 
that have the severe problems with contamination. An example of this was the 
first farm we treated in 1996 that had 7,000 ppb the previous year. This 
selection of fields tq participate by producers and gins further complicates the 
toxin view. Nevertheless, we can and have accurately measured displacement 
of aflatoxin producers and increases in the incidence of the non-aflatoxin 
producing AF36 on crops and in soils through both the use of repeated 
measures tests and analysis of variance in replicated trials. The relationship of e 
this displacement to reductions in contamination has been proven in laboratory, 
greenhouse, and field-plot tests. In commercial field tests, models using 
cottonseed oil free fatty acid content as a measure of weathering have also 
supported this relationship. 
See report entitled "Report on Results of Experimental Program on the use of 
Atoxigenic Aspergil!us f!avus strain AF36 on Cotton Performed Under 
Experimental Use Permit 69224-EUP-1: Influences Applications on Communities 
of A. flavus Resident in the Soil of Treated Fields and Assessment of Stability of 
the Atoxigenic Phenotype of Aspergillus favus" (no MRID assigned). Efficacy 
data can also be found in MRID 43763405 Cotty, P. Hartman, C. (1995) 
Aspergillus flavus Isolate AF36: Product Performance Data. 

We are concerned over potential delays in reviewing the newly requested data. 
We are open to other ways in which to bring this review to a c.onclusion. While • 
we do not view this as a public health pesticide we can also amend the label to 
remove the statements pertaining to reductions in aflatoxin and change the label 
claims only to include displacement of Aflatoxin producing strains of Aspergiffus 
f/avus. By removing the claim for reducing aftatoxin, AF36 should certainly not be 
considered a public health pesticide so there is no need to review the efficacy 
data and the review can be brought to a conclusion. If efficacy is reviewed, it 
should be based on the reduction of toxigenic strains. 

The above mentioned report provides extensive evidence for the efficacy of 
Aspergi/Jus f/avus AF-36 in reducing the proportion of the A. f/avus 
community composed of the S strain. The S strain produces very high 
aflatoxin quantities and is a very significant component of the A. flavus 
community in both Arizona and South Texas. Information on the efficacy of 
AF-36 in modifying A. flavus communities in Texas follows. 

Efficacy of Aspergillus f/avus AF36 in Texas: Results of Field Tests on the 2000 
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and 2001 Commercial Cottonseed Crops. 

Peter J. Cotty 
Research Plant Pathologist 
USDA-ARS-SRRC 
P.O. Box 19687, New Orleans, LA 70124 
504-286-4391 

In order to assess efficacy of soil applied Aspergillus f/avus AF36 in South 
Texas, field tests were performed iii commercial cotton fields at 9 locations 
throughout South Texas. Tests extended from Rangerville in the Lower Rio 
Grande Valley area to El Campo in the Upper Coast area . 

For each test from 0.5 to 1.0 acre of cotton was treated by hand by sprinkling 
the standard wheat seed formulation of Aspergil/us flavus AF36 on the soil at the 
standard rate of 10 lb./acre. In all tests multiple atoxigenic strains of A. flavus 
native to South Texas were evaluated. All strains were applied to the same area 
at the same rate in order to observe competition among strains and differences 
among strains in efficacy. Efficacy of atoxigenic strains at displacing the highly 
toxigenic S strain and other native stra:ins was assessed by characterizing the 
communities of fungi associated with the mature crop in both treated areas and 
in untreated control areas separated from the treated areas by 20 rows of 
untreated cotton (see field test design below). 
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I South Texas Field Test Design j 

r _] = Untreated Area Sampled 

D =Treated Area Sampled 

Untreated Samples Separated 
from Treatment Area by 

20 rows of Untreated Cotton 

Long-term influences of atoxigenic strains of A. flavus have been observed in 
Arizona. Comparing the communities of fungi resident in the soil just prior to 
treatment with the community present one year alter treatment typically is used 
to assess this. Such comparisons determine if influences of treatments can be 
expected to provide a benefit to the environment and crops the second year by 
reducing the average aflatoxin producing potential of fungi resident in the field 
across multiple years. The potential for long-term influences of atoxigenic strain 
applications in South Texas was determined by analyzing the composition of the 
A. flavus communities in the soil of treated plots prior to treatment, with the 
community structures one year after treatment. Similar comparisons were made 
contrasting soil in the untre.ated control plots. 

• 

• 



317

' -- . 
1' ,' • • •• ' • ' ., • ·:' ' • 

~ ' .. , ,competi~i'oQ. a!ilio'r:lQ·.3 A: flaviis, S.tr.ai~S l_n Treatetj· & Control. Plots. 

I 

I 
I 

I 
i. 

20·00 = .avera9e results·t~Om ·3 tri~ls; 2o·a·t:;;;; average results-from·2 trials. 
50 ' ' 70 ..-----~,..-,-------. 

- 40 ~- . 
'-
c. 
E 30 

" c 
0 

B 
c • 'C .·.::; 10 c 

Ha'r!!'ngen, E!.Car'npo.& ·Tynan Tart & Port Lavaca . 
60 ~000 Cro · 

1--~----'-l ·~· 

"' ~-50. 
.. c. 

E 
. " 40 . c· 

0 

. 8 
30 . 

c 
·~ 20 
'il 
c 
,.. 10' 

. 0. 

AF36 . ·BK' ' ·sro2 AF36 
ASpergillus fla.Vus.·Strain: 

'i•. 
·~ 

SOiid (Right) =:tr~atep plot; .. Strlp.ed (Left)= Controls 20 .. rows fr_om treatment area .. : 
. : ... :. __ ... __ .. ',,· ...... . •.: .... :: .... · .. :'.. , ... • ... : . ...... __ , __ ·-·-····. - ...... ·-··- ... .. 

In all tests, AF36 also demonstrated the ability to spread within treated fields 
across untreated areas. This activity has repeatedly been observed in Arizona 
and is an aspect of the efficacy of AF36 in displacing aflatoxin producers. The 
goal of AF36 applications is to modify A. ffavus communities so that they have a 
lower potential to produce aflatoxins. The tests in Texas demonstrate great 
efficacy of AF36 in achieving that goal. 
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In these studies, three atoxigenic strains (AF36, BK, and ST02) were applied to 
the treatment area. Incidence of AF36 on treated crops in 2000 and 2001 
demonstrate efficacy of Aspergillus flavus AF36 at displacing aflatoxin producers 
during crop colonization. 
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Both AF36 and th·e other two-atoxigenic strains evaluated were effective at 
spreading tram the applied product to the crop and displacing aflatoxin 
producers during the process. EaCh strain was.applied a single time at 10 
pounds per acre. AF36 was the most effective strain in these tests. All strains 
had efficacy in displacing resident aflatoxin producers. 
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An important aspect of the efficacy of AF36 in Arizona is the ability of 
applications to make changes to the composition of A. flavus communities in 
soils that are detectable even the season after application. This allows the 
possibility of inducing long-term reductions in the aflatoxin-producing potential of 
A. f/avus communities resident in fields and thus provides the potential to get 
additiVe reductions over time. This allows for long-term reductions in the quantity 
of aflatoxins in crops and in the environment. 

Tests performed in Texas in 2000 and 2001 demonstrated excellent efficacy in 
producing long-term influences of atoxigenic strain applications similar to those 
seen in Arizona. 
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Three tests in 2001 were also performed in which 8 atoxigenic strains were 
compared for efficacy in ability to competitively exclude aflatoxin producers. 
Aspergillus flavus AF36 demonstrated superior efficacy in these trials as well. 
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Peter Cotty 
<pjcotty@srrc.ars.usd 
a.gov> 

03112103 12:59 PM 

To: L.Ant1lla@AZcotton.com. PWAKELYN@cotton.org. Shan'17. 
8<H.:c1Jus/DC/USEPA!US@EPA. Pl11I Hutton/DC/USEPA/US@EPA 

cc: L1raverman@A£.SOP.RUTGERS.EOU, Jnne Robens 
<JFR@ARS.USDA.GOV>, Jane Robens 
<J<ine.f{obens@NPS.AHS.USDA.GOV>, jnunle y@stcgc..org 

StJb)E:Ct: P11on.:: Collference Clt 2:30 PM EST Thursday March 13(11 

Dr. Wakelyn asked me co forward t.he att<.tched list of expected p<1rticipa11ts in 
t ht: conference coll we will hold tomorrow at:c:etnoon. 

Dr . Wake lyn will ~ravel to Phil Hutton's office a nd join cha conference ca l l 
f1·om th r::re . 

At 2 : 3D PM EST to 

Th a nl\ you. 

· ·· P<:: tei:. 

Peter J . Cotty, Ph.D. 
R&search Plant Pathologist 
southetn R~giona! Research Center 
i\<;:-i c;.1lt.u1~<1l Res~a.i:·c b St<r·.ric;; 
United States Department of Agricultu re 
J lOO Robert E. Lee Blvd. 
New Orlean6, LA 7012 4 

pJ cotcy~srrc.ars.ueda.gov 
P!ic.n e ; 504 - 20\. - 4 391 
FAX: 504-286-449' 
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Gail Tomimatsu 

03107103 02:09 PM 

Phil, et al. 

To: Phil Hutton/DC/USEPA/US@EPA 
cc: Carl Etsitty/DC/USEPA/US@EPA, Dennis 

Szuhay/DC/USEPA/US@EPA, Janet 
Andersen/DC/USEPA/US@EPA, John 
Kough/DC/USEPA/US@EPA, Shanaz 
Bacchus/DC/USEPA/US@EPA, Zigfridas 
Yaituzis/DC/USEPA/US@EPA 

Subject: Re: Aspergillus flavus AF36 .. FYl/Data Waivers, TX!] 

At this point, I would agree with your guesstimate ot 2·4 weeks review time for the 30 page 
efficacy data. I have not seen efficacy data (i.e., measurement of aflatoxin levels/reductions from 
harvests of treated vs untreated cotton fields.) tor the EUP/registration. 

However, I sort of recall John expressing some concern over the "scanty" efficacy data that had 
been submitted in the past. 

I agree with your advice for them to take AZ for now and add big TX later. I think their current 
EUP "runs" until Dec. 2004, but i'm not sure of the amount of acreage in Texas. 

Hope this helps, 
g 

Phil Hutton 

Phil Hutton 
0310712003 01:55 PM 

To: Shanaz Bacchus/DC/USEPA/US@EPA 
cc: Carl Etsitty/DC/USEPA/US@EPA, Dennis 

Szuhay/DC/USEPA/US@EPA. Gail 
Tomimatsu/DC/USEPA/US@EPA, John 
Kough/DC/US~PA/US@EPA, Zigfridas 
Vaituzis/DC/USEPA/US@EPA, Janet Andersen/DC/USEPA/US 

Subject: Re: Aspergillus flavus AF36 .. FYl/Data Waivers, TXC;l 

A late efficacy data submission is going to delay the registration process, I'd say by at least two 
weeks, possibly 4 (Gail-agree?). We were originally looking to finish this whole thing up by the 
middle of april (ready for signature, not necessarily signed off). Now I would say more like the end 
of april at the very best, middle of may more likely. The alternative would be for them to take the 
AZ only which is supported and seek the addition of TX as an amendment for later. This would 
save them some time. It would be much faster to do the AZ only and expand the TX EUP to more 
acres (can do 5000 practically administratively with only Janet's signature), and I bet Jim Jones 
would quickly sign larger (up to 20K) acres. We need to get this information to the applicant so 
they understand what is involved as it may mess up their application timing to have to wait the 
extra time to get the new data reviewed. 

Shan- cotton council is calling me daily, but I don't like responding to them until we have informed 
the official applicant. If you can call IR-4 (representing AZ cotton growers), I can call Phil 
Wakelyn. Or,maybe better, we can arrange a conference call for all three on Monday (you can call 
in from flexiplace if we can get the lines). 

Phil 
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Gail Tomimatsu 

03110103 08:33 AM 

Shawn, 

To: Shanaz Bacchus/DC/USEPA/US@EPA 
cc: Carl Etsitty/OC/USEPA/US@EPA, Dennis 

Szuhay/OC/USEPA/US@EPA, Janet 
Andersen/OC/USEPA/US@EPA, John 
Kough/OC/USEPA/US@EPA, Phil Hutton/OC/USEPA/US@EPA, 
Zigfridas Vaituzis/DC/USEPA/~S@EPA 

Subject: Re: Soil/air/ efficacy for AF36 and updates for review: other 
thoughts[] 

Thanks tor all your updates and messages on Friday. 

In answer to your question: Would you prefer to look at the study MRID 453072·02 or the 
published paper? I prefer not to look at either study unless necessary. Portions of 
MRID 453072·02 were acceptable tor estimating "background levels" of AF36 
(atoxigenic Aspergillus) and total populations of Aspergillus flavus (atoxigenic + • 
toxigenic Aspergillus flavus). However, as I recall, there were no data regarding 
aflatoxin analyses. This study was not a guideline study, and was useful to 
determine appropriate dosage levels of A36 tor the avian inhalation study (per 
memorandum of Tomimatsu and Vaituzis, 2001 :"Review of Protocol for Testing the 
Toxicity/Pathogenicity of the MPCA, Aspergrllusflavus Strain AF36 (Chen1ical No.:006456) to 
Avian Species: DP Barcode:D274694; Case No:03976; Subn1ission:S596777; ID#: 
069224-EUP-001)"). The 2001 review is a 3 page memorandum which provides 
comment on IRA's proposed avian inhalation study; a DER was not written for 
this particular review, because of time constraints. I think it is an inefficient use 
of our time to review this MRID again. 

I will be unable to "look at" the recent(') efficacy study until late Tuesday. As Phil 
and I discussed (via e-mail on Friday), it could take 2 to 4 weeks to review these 
studies. And, we are uncertain as to whether or not aflatoxin reduction was e 
demonstrated in the data. As many of us are aware, aflatoxin levels are extremely 
fickle, and are largely dependent on environmental factors more so than 
population levels of Aspergif/us f/avus (in total). 

gail 
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Gail Tomimatsu 

03/l 0103 08:33 AM 

Shawn, 

To: Shanaz Bacchus/DC/USEPA/US@EPA 
cc: Carl Etsitty/DC/USEPA/US@EPA, Dennis 

Szuhay/DC/USEPA/US@EPA, Janet 
Andersen/DC/USEPA/US@EPA, John 
Kough/OC/USEPA/US@.EPA, Phil Hutton/DC/USEPA/US@EPA, 
Zigfridas Vaituzis/DC/USEPA/US@EPA 

Subject: Re: Soil/air/ efficacy for AF36 and updates for review; other 
thoughts!] 

Thanks for all your updates and messages on Friday. 

In answer to your question: Would you prefer to look at the study MRID 453072-02 or the 
published paper? I prefer not to !oak at either study unless necessary. Portions of 
MRID 453072-02 were acceptable for estimating "background levels" of AF36 
(atoxigenic Aspergillus) and total populations of Aspergillus flavus (atoxigenic + • 
toxigenic Aspergillus flavus). However, as I recall, there were no data regarding 
aflatoxin analyses. This study was not a guideline study, and was useful to 
determine appropriate dosage levels of A36 for the avian inhalation study (per 
memorandum of Tomimatsu and Vaituzis, 2001 :"Revie\v of Protocol for Testing the 
Toxicity/Pathogenicity of the MPCA, Aspergi!lus jlavzrs Strain AF36 (Chc111ical No.:006456) to 
Avian Species: DP Barcode:D274694; Case No:03976; Subn1ission:S596777; ID#: 
069224-EUP-OOI)"). The 2001 review is a 3 page memorandum which provides 
comment on IR-4's proposed avian inhalation study; a DER was not written for 
this particular review, because of time constraints. I think it is an inefficient use 
of our time to review this MRID again. 

I will be unable to "look at" the recent(?) efficacy study until late Tuesday. As Phil 
and I discussed (via e-mail on Friday), it could take 2 to 4 weeks to review these 
studies. And, we are uncertain as to whether or not af!atoxin reduction was e 
demonstrated in the data. As many of us are aware, aflatoxin levels are extremely 
fickle, and are largely dependent on environmental factors more so than 
population levels of Aspergillus flavus (in total). 

gail 
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--- ---------- -----

4~.·.·.·.·. ·,. Gail Tomimatsu 
~:d 02126/03 03:50 PM 

Shan, 

How is the BRAD developing? 

To: Shanaz Bacchus/DC/USEPAIUS@EPA 
cc: Zigfridas Vaituzis/DC/USEPA/US@EPA, Joel 

Gagliardi/ DC/USEPA/US@EPA 
Subject: A. llavus AF36 on cotton 

A quick scan of the table I provided you several months ago (and below for Joel's benefit), in 
preparation for your meeting with IR-4 (I was unable to attend) and potential BRAD development 
indicated a number of ecological test waivers absent (freshwater fish andaquatic invertebrates, 
estuarine and marine animal testing and possibly an avian oral study, pending review of the avian 
inhalation study (received from the contractor recently). 

Are these waivers forthcoming? 

thanks, 
g 

~ 
EcoReq Table06·2002. wp 

• 

• 
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Shanaz Bacchus 

Shanaz Bacchus 

03107103 11 :05 AM 
To: Gail Tomimatsu/OC/USEPA/US@EPA, Zigfridas 

Vaituzis/OC/USEPA/US@EPA, John Kough/DC/USEPA/US@EPA. 
Carl Etsitty/DC/USEPA/US@EPA 

cc: Dennis Szuhay/OC/USEPAIUS@EPA, Phil 
Hutton/OC/USEPA/US@EPA 

Subject: Re: Aspergillus flavus AF36 .. FYl/Data Waivers, TXITh'.i 

Discussion with Mike Braverman, as Ph il suggested: 
l. Apparently Peter Cotty does have efficacy data for TX. By mid next week, he will be sending 
(by FEDEX) the 30 page paper which is in the publication stages. Peter has to write up a brief 
summary and the forms have to be signed by Larry Antilla. They are trying their best not to use 
an EUP in TX this year, and figure that. the TX efficacy data will be acceptable to us. 

2. Gail, in view of this development, can you do the avian inhalation review first, then the data 
waiver (DW) reviews? Do you want Joel to help with the extra reading o! the paper and write-up for 
the DW review? I looked at the OW submission ... looks li ke the same rationale was repeated for all 
the requests, then some nuances for each specific guideline. 

3. Carl, John, a formal form capturing the data waiver requests, which have already been granted 
tor the health effects for the EUP, will also be submitted next week. 

Please remember, that most of the OW requests have already been reviewed and that you only 
need to look at the new material which is coming in. I am just tying up loose ends for the records 
by getting them to include these formal requests as Phil, Zig asked me to do. 

I had given you packages of the DERs which have been previously used for the issuance of the 
EUP. If you need any other information, do let me know. I will be working al home 

n Monday, but can access my email and voicemail. 

sh awn 
Phone: 703-308-8097 

325 
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Gail Tomimatsu 

03107103 12:30 PM 

yes. thank you. 

To: Shanaz Bacchus/OC/USEPA/US@EPA 
cc: 

Subject: Re: papers for docket. .. Af368l 

• 

• 
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Gail Tomimatsu 

03107103 12:11 PM 

Shawn, 

To: Shanaz Bacchus/DC/USEPA/US@EPA 
cc: Zigfridas Vaituzis/DC/USEPA/US@EPA, John 

Kough/DC/USEPA/US@EPA, Phil Hutton/DC/USEPA/US@EPA, 
Carl Etsitty/DC/USEPA/US@EPA, Dennis 
Szuhay/DC/USEPA/US@EPA, Joel 
Gagliardi/DC/USEPA/US@EPA, Alan 
Reyno Ids/ DC/ USE PA/ U S@EP A 

Subject: papers for docket .... AF36 

Possible response needed, please: Phil. John and/or Zig 
FYI: Dennis, Carl, Alan and Joel 

With respect to the stack of papers (i assume they were sent by the Cotton Council, and are 
available in the public literature) that you wanted to give me on Wednesday, i had another 
thought/question, post-meeting. Perhaps Phil, John, and Zig can provide some guidance on how 
to handle these items; something like a section for unreviewed submissions, or public comments 
(i seem to recall that we've handled similar submissions for the Bt Crops in this manner). Some 
of the submission might have relevance to each of the hazard chapters. 

I would lil(e to take a quick look (at a minimum) at these papers, after all. At our meeting on 
Wednesday, I wanted to focus only on the materials that needed secondary review immediately 
before writing the hazard assessments. If you've given the papers to Joel.that's okay with me. 

Maybe I can take a quick look sometime next week··perhaps Tuesday or Thursday(?). 

Thanks everyone for your advice and help. 

gail 

p.s.: Shawn itt response to your questions sent today: 2 can you do the avian inhalation review 
first, then the data waiver (OW) reviews? i hope to finish the peer reviews next week. 

Do you want Joel to help with the extra reading of the paper ·-what paper? and write·up for the 
OW review? Unless Zig V. and Phil thinks that this idea will save time, I feel that the plans we 
discussed on Wednesday should stand. The "Eco datci" table I sent you a few days ago should help 
clarify some of your questions. Joel is certainly welcome to look over the waiver rationale sent in 
electronically, however. By the way, I understood that these will not have MRIDs. How are we to 
refer to these waiver rationales in the risk assessment chapters and BRAD? 
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Gail Tomimatsu 

03105103 01:44 PM 
To: Shanaz Bacchus/DC/USEPA/US@EPA, Alan 

Reynolds/DC/USEPA/US@EPA 
cc: Joel Gagliardi/DC/USEPA/US@EPA, Zigfridas 

Vaituzis/DC/USEPA/US@EPA, Dennis 
Szuhay/DC/USEPA/US@EPA, Phil Hutton/OC/USEPA/US@EPA, 
Carl Etsitty/DC/USEPA/US@EPA 

Subiect: Asperg1Jlus flavus AF36 .. FYI and thank you .. eco-risk assessment ... 

Shawn and Phil, 

Thanks for bringing everyone up to speed this morning, and providing an "idea" of next steps. 

To make sure we are on the same page (more or less); p!ease note and comment on the following 
"action items" with respect to the secondary review of the 3 eco-studies, several test waiver 
rationales and the ecological risk assessment. 

MR!O # 45798102 (Avian inhalation test): secondary review to be performed by GST 
MR!D # 45739103 Supplemental Information for Endangered Avian species (Plover): secondary 
review to be performed by GST 
MRID # 45739102 Field Testing of Pollinators and Honey Bee Testing: secondary review to be 
performed by Alan Reynolds (since Robyn is on AL); he believes he can get to it the first of next 
week. 

Data Waivers: GST will do the primary reviews, Joel G. can "peer review" (for his training) 

I hope to have the ecorisk assessment (more or less complete) by March 28. Zig, would you want 
some time before then to peer review? 

Comments/Corrections? 
Alan and Zig-· thanks for your help! 
Thanks, 
g 

• 

• 
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Gail Tomimatsu 

02127103 10:08 PM 

Thanks, Shan! 

---------~ .. ---

To: Shanaz Bacchus/OC/USEPAIUS@EPA 
cc: 

Subject: Re: rough draft/AF361] 

we'll "plow" through it next week. o:=D 

This should be helpful in our discussion on Wednesday. 

g 
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Gail Tomimatsu 

02127103 08:31 AM 

Shan, 

To: Shanaz Bacchus/DC/USEPA/US@EPA 
cc: Phil Hutton/DC/USEPA/US@EPA, Dennis 

Szuhay/DC/USEPA/US@EPA, Zigfridas 
Vaituzis/DC/USEPA/US@EPA, Joel 
Gagliardi/DC/USEPA/US@EPA 

Subject: A. flavus AF36 

Just a heads up on the meeting next week, which I had extended an option to attend. Please try 
to attend, so that we can brief Dennis, Zig and I on development of the risk assessment and 
BRAD. Joel would like to sit in on the meeting, but he will not peer review the 3 studies. 

Please let me know if the time is inconvenient for you, and whether you believe 45 minutes will be 
sufficient for the briefing. I reserved the small conference room from 9:15 to 10 am 

Thanks, 
gail 

• 

• 
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Gail Tomimatsu 

02/26/03 03:50 PM 

Shan, 

How is the BRAD developing? 

To: Shanaz Bacchus/DC/USEPA/US@EPA 
cc: Zigfridas Yaituzis/DC/USEPA/US@EPA, Joel 

Gagliardi/DC/USEPA/US@EPA 
Subject: A. flavus AF36 on cotton 

A quick scan of the table I provided you several months ago (and below for Joel's benefit), in 
preparation for your meeting with IR-4 (I was unable to attend) and potential BRAD development 
indicated a number of ecological test waivers absent (freshwater fish andaquatic invertebrates, 
estuarine and marine animal testing and possibly an avian oral study, pending review of the avian 
inhalation study (received from the contractor recently). 

Are these waivers forthcoming? 

thanks, 
g 

~ 
Eco Req Ta bl e06. 2002. wp 



332

Gail Tomimatsu 

02125103 03:05 PM 

Shawn, 

To: Shanaz Bacchus/OC/USEPA/US@EPA 
cc: Phil Hutton/DC/USEPA/US@EPA 

Subject: Re: Good news/more AF36[] 

we have another chinese fire drill that takes precedence now. 

• 

• 
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Gail Tomimatsu 

02/25/03 03:04 PM 

• 

• 

To: Shanaz Bacchus/DC/USEPA/US@EPA 
cc: 

Subject: Re: Good news/more AF36IT! 
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Gail Tomimatsu 

02/13/03 04:57 PM 

Shawn, 

To: Shanaz Bacchus/OC/USEPA/US@EPA 
cc: Carl Etsitty/DC/USEPA!US@EPA, John 

Kough/OC/USEPA/US@EPA, Phil Hutton/OC/USEPA/US@EPA, 
Zigfridas Vaituzis/OC/USEPA/US@EPA 

Subject: Re: Good news/more AF3.6Ql 

Thank you for the reviews which I found on my chair, not on my shelf as you indicated in your 
message. 

Approximate time line: 2-4 weeks; as i have 2 other microbial pesticides that I am currently 
working on, in addition to the BtCry3Bb BRAD, response to comments. 

Have they applied for an extended EUP? 

g 

• 

• 
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Gail Tomimatsu 

01/29103 03:18 PM 

Carol, 

To: Carol Frazer/DC/USEPA/US@EPA 
cc: OPP BPPD 

Subiect: Re: Endangered Species?[]] 

Please add Plant Incorporated Protectants: in the paragraph from Zig's earlier comments 
regarding endangered species assessments and evaluation of exposure potential to intended 
applications of MPCAs AND the Plant Incorporated Protectants (EUPs and registrations); 

"n1icrobial pesticides (Pips risk characterization and assessn1en1 fol lo\v that of current guidelines 
for n1icrobial pesticides) are n1ostly species specific, \Ve also take a look at the habitat of the 
endangered species that are phylogenically related to the target pest to see if there is an overlap of 
the breeding and feeding habitat \Vith the crop that the MPCA and Ploint Incorporated 
Protectants will be used on, or planted in. Most of the crops that our a.i.'s are used on do not 
overlap with endangered species habitats (have not overlapped to date) so we can n1ake a 
no~effect finding on the basis of no exposure." 
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Gail Tomimatsu 

01/22/03 10:19 AM 

To: William Schneider/DC/USEPA/US@EPA, Russell 
Jones/ OC/U SEP A/U S@EP A 

cc: Alan Reynolds/DC/USEPA/US@EPA, Anne 
Ball/OC/USEPA/US@EPA, Barbara 
Mandula/OC/USEPA/US@EPA, Chris 
Wozniak/DC/USEPA/US@EPA, John Kough/OC/USEPA/US@EPA, 
Linda Hollis/DC/USEPA/US@EPA, Mike 
Mendelsohn/DC/USEPA/US@EPA, Phil 
Hutton/DC/USEPA/US@EPA, Robyn Rose/DC/USEPA/US@EPA, 
Shanaz Bacchus/DC/USEPA/US@EPA, Sharlene 
Matten/DC/USEPA/US@EPA, Susanne 
Cerrelli/OC/USEPA/US@EPA, Suzanne 
Krolikowski/DC/USEPA/US@EPA, Zigfridas 
Vaituzis/OC/USEPA/US@EPA 

Subject: Re: Only the best!. or. microbial mush![] 

Require efficacy data on poop" soup? 

Efficacy data as Barbara points out is not a FIFRA requirement (at the time of submission), unless 
the pesticidal products make public health claims. Getting efficacy data for these "pesticides", e 
e.g., poop soup, bugs·in·a·iug, snake oils, is very difficult·· even though one might believe it would 
be in the best interests (from a marketing/liability perspective) for a manufacturer to keep track 
of his/her products and their claims. 

We can say that the "efficacy data' is necessary for us to establish use patterns; whereby we might 
be able to do a (less than scientific) risk assessment. There is a mechanism in FIFRA which I 
think might allow us to request efficacy data, but the manufacturer has to justify their case that it 
is the public's benefit (sic, "in the public's interest") to use their "pesticide". It would also be 
incumbent upon them to make the case that the use(s) of their product will not cause adverse 
risks to human health and the environment. This is a "public.interest" finding; and could use a 
considerable amount of resources (time and FTEs), which this Division is seriously in lack of. 

I agree with Zig: Let those potential registrants go through the "painstaking" regulatory process 
just like the other producers. I predict we will have to do a lot of ''waving" (purposely misspelled). 

If we exempt these products from FIFRA, we might be opening ourselves up to generic labelling, • 
such as: a buyer beware clause ("caveat emptor"; user/consumer alert) that this product, while 
"registered with/regulated by" the EPA has not been fully evaluated for human health or 
environmental risks. Add to that, some statement that the product may not provide the expected 
pest control for all situa.tions. I think that such statements could undermine our present and 
future capabilities as a "lead" Agency with Federal authority (sic oversight) to protect human 
health and the environment by "permitting'' pollution of intended use sites with microbial mush 
which is probably present. 

I also will be unable to attend your meeting. 
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Further Comments on the Efficacy of Aspergillus flavus AF36 in Response to 
Questions received March 10, 2003, from USSEPA, OPP, Biopesticides and 
Pollution Prevention Division 

Peter J. Cotty, Ph.D., Research Plant Pathologist, USDA, ARS, SRRC, New 
Orleans, LA 70124. Phone: 504-286-4391 

Michael Braverman, Ph.D., Biopesticide Manager, IR~4, Rutgers University, New 
Brunswick, NJ 08902. Phone: 732-932-9575 

Applications of Aspergillus f/avus AF36 seek to alter the A. f/avus communities 
resident in agricultural fields so that the non-aflatoxin (atoxigenic) strain AF36 is 
more common and highly toxigenic strains (such as the S strain) are less 
common. This results in reductions in the average aflatoxin producing potential 
of A. f/avus communities associated with treated crops and resident in treated 
fields . 

These are the activities we claim for the product Aspergillus flavus AF36. We 
do not claim to reduce af/atoxin content to any given level. In some areas 
and years, aflatoxin content may exceed 2,000 ppb in the seed and a fairly 
successful displacement (80°/o) would only be expected to achieve a reduction to 
a level in excess of 400 ppb. Yet, in _many cases, the industry and particularly 
the producer living on the farm, would view this as advantageous. 

Aflatoxin contamination of cottonseed is monitored in several ways in different 
areas. In general, it is carefully monitored going into dairy markets. The FDA 
does not perform this monitoring, although they may do spot checks. Industry 
performs the analyses. Aflatoxin content of the milk is often monitored carefully 
and if toxin is detected (at 0.3 ppb) the dairies begin looking for the source 
(usually corn, cottonseed, or milo). If toxin exceeds 0.5 ppb, the milk must be 
dumped and the dairy is placed on quarantine. The liability for this generally lies 
on the provider(s) of the feed. 

The FDA has different action levels for cottonseed going into different markets: 
• Cottonseed may only contain 20 ppb to be used for dairy cattle. 
• Cottonseed containing up to 300 ppb can be fed at beef feedlots (i.e. for 

finishing cattle). 
• Cottonseed meal intended for beef cattle, swine or poultry may contain up 

to 300 ppb aflatoxin. 

Even cottonseed exceeding 300 ppb often has markets. It may be sold to an oil 
mill where the crush must be carefully monitored to maintain meal below 300 
ppb. This seed may be sold to cottonseed brokers that ammoniate the 
contaminated seed to reduce contamination or it may be sold to markets where 
vegetable proteins are so highly valued that process methods for dealing with 
aflatoxin contaminated seeds have been develop (i.e. certain Mexican markets). 
The aflatoxin content of each lot of seed sold into these markets is generally 
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known and identified. The quantity of aflatoxins influences the value of the seed. 
It is more difficult to ammoniate seed that exceeds 2,000 ppb than seed that is 
only 400 ppb. Seed with lower aflatoxin may be more valuable in secondary 
markets such as Mexico. Seed with lower aflatoxin is more likely to produce 
meal with aflatoxin contents acceptable for some uses. 

lt is not unusual for aflatoxin contents to vary by several orders of magnitude 
between adjacent fields and across adjacent years. Thus it is not feasible to 
assess the impact of applications directly on aflatoxin contents. Instead we rely 
on measurements of successful displacement and on the experience of 
participating gins and producers. Typically, initial areas to be treated are those 
that have the severe problems with contamination. An example of this was the 
first farm we treated in 1996 that had 7,000 ppb the previous year. This 
selection of fields to participate by producers and gins further complicates the 
toxin view. Nevertheless, we can and have accurately measured displacement 
of aflatoxin producers and increases·in the incidence of the non-af!atoxin 
producing AF36 on crops and in soils through bOth the use of repeated 
measures tests and analysis of variance in replicated trials. The relationship of 
this displacement to reductions in contamination has been proven in laboratory, 
greenhouse, and field-plot tests. In commercial field tests, models using 
cottonseed oil free fatty acid content as a measure of weathering have also 
supported this relationship. 
See report entitled "Report on Results of Experimental Program on the use of 
Atoxigenic Aspergillus flavus strain AF36 on Cotton Performed Under 
Experimental Use Permit 69224-EUP-1: Influences Applications on Communities 
of A. flavus Resident in the Soil of Treated Fields and Assessment of Stability of 
the Atoxigenic Phenotype of Aspergillus favus" (no MRID assigned). Efficacy 
data can also be found in MRID 43763405 Cotty, P. Hartman, C. (1995) 
Aspergillus flavus Isolate AF36: Product Performance Data. 

We are concerned over potential delays in reviewing the newly requested data. 
We are open to other ways in which to bring this review to a conclusion. While 
we do not view this as a public health pesticide we can also amend the label to 
remove the statements pertaining to reductions in aflatoxin and change the label 
claims only to include displacement of Aflatoxin producing strains of Aspergillus 
f/avus. By removing the claim for reducing aflatoxin, AF36 should certainly not be 
considered a public health pesticide so there is no need to review the efficacy 
data and the review can be brought to a conclusion. lf efficacy is reviewed, it 
should be based on the reduction of toxigenic strains. 

The above mentioned report provides extensive evidence for the efficacy of 
Aspergillus flavus AF-36 in reducing the proportion of-the A. flavus 
community composed of the S strain. The S strain produces very high 
aflatoxin quantities and is a very significant component of the A. flavus 
community in both Arizona and South Texas. Information on the efficacy of 
AF-36 in modifying A. flavus communities in Texas follows. 

Efficacy of Aspergillus f/avus AF36 in Texas: Results of Field Tests·on the 2000 

• 

• 
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and 2001 Commercial Cottonseed Crops. 

Peter J. Cotty 
Research Plant Pathologist 
USDA-ARS-SRRC 
P.O. Box 19687, New Orleans, LA 70124 
504-286-4391 

In order to assess efficacy of soil applied Aspergil/us f/avus AF36 in South 
Texas, field tests were performed in commercial cotton fields at 9 locations 
throughout South Texas. Tests extended from Rangerville in the Lower Rio 
Grande Valley area to El Campo in the Upper Coast area. 

Locations of South Texas Field Tests in 2000 and 2001 

For each test from 0.5 to 1.0 acre of cotton was treated by hand by sprinkling 
the standard wheat seed formulation of Aspergillus flavus AF36 on the soil at the 
standard rate.of 10 lb./acre. In all tests f'TlUltiple atoxigenic strains of A. flavus 
native to South Texas were evaluated. Al! strains were applied to the same area 
at the same rate in order to observe competition among strains and differences 
among strains in efficacy. Efficacy of atoxigenic strains at displacing the highly 
toxigenic S strain and other native strains was assessed by characterizing the 
communities of fungi associated with the mature crop in both treated areas and 
in untreated control areas separated from the treated areas by 20 rows of 
untreated cotton {see field test design below). 
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D =Untreated Area Sampled 

D =Treated Area Sampled 

Untreated Samples Separated 
from Treatment Area by 

20 rows of Untreated Cotton 

Long-term influences of atoxigenic strains of A. flavus have -been observed in 
Arizona. Comparing the communities of fungi resident in the soil just prior to 
treatment with the community present one year after treatment typically is used 
to assess this. Such comparisons determine if influences of treatments can be 
expected to provide a benefit to the environment and crops the second year by 
reducing the average aflatoxin producing potential of fungi resident in the field 
across multiple years. The potential for long-term influences of atoxigenic strain 
applications in South Texas was determined by analyzing the composition of the 
A. flavus communities in the soil of treated plots prior to treatment, with the 
community structures one year after treatment. Similar comparisons were made 
contrasting soil in the untreated control plots. 

--------------------------------- -------

• 

• 
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In these studies, three atoxigenic strains (AF36, BK, and ST02) were applied to 
the treatment area. Incidence of AF36 on treated crops in 2000 and 2001 
demonstrate efficacy of Aspergillus flavus AF36 at displacing af!atoxin producers 
during crop colonization. 
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Both AF36 and the other two-atoxigenic strains evaluated were effective at 
spreading from the applied product to the crop and displacing aflatoxin 
producers during the process. Each strain was applied a single time at 10 
pounds per acre. AF36 was the most effective strain in these tests. All strains 
had efficacy in displacing resident aflatoxin producers. 
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In all tests, AF36 also demonstrated the ability to spread within treated fields 
across untreated areas. This activity has repeatedly been observed in Arizona 
and is an aspect of the efficacy of AF36 in displacing aflatoxin producers. The 
goal of AF36 applications is to modify A. flavus communities so that they have a 
lower potential to produce afiatoxins. The tests in Texas demonstrate great 
efficacy of AF36 in achieving that goal. 
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An important aspect of the efficacy of AF36 in Arizona is the ability of 
applications to make changes to the composition of A. ffavus communities in 
soils that are detectable even the season after application. This allows the 
possibility of inducing long-term reductions in the aflatoxin-producing potential of 
A. flavus communities resident in fields and thus provides the potential to get 
additive reductions. over time. This allows for long-term reductions in the quantity 
of aflatoxins in crops and in the environment. 

Tests performed in Texas in 2000 and 2001 demonstrated excellent efficacy in 
producing long-term influences of atoxigenic strain applications similar to·those 
seen in Arizona . 
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Three tests in 2001 were also performed in which 8 atoxigenic strains were 
compared for efficacy in ability to competitively exclude aflatoxin producers. 
Aspergillus flavus AF36 demonstrated superior efficacy in these trials as well. 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
WASHINGTON, D.C. 20460 

OFFICE OF 
PREV!::NTION, PESl ICIDES AND 

rox1c SUBSTANCES 

Dr. Bill Biehn, Coordinator 
Interregional Research Project No.4 
681 US Highway 111 South 
North New Brunswick, NJ 08902 

Dear Dr. Biehn: 

Subject: Pre~registration meeting on Aspergi/lus flavus AF36 
on Cotton in Arizona 

The Agency has reviewed your submission dated May 7, 1998, regarding the minutes of 
the meeting with certain members of the Biopesticides and Pollution Prevention Division 
(BPPD). The points in your submission were numbered 1 through 11 to facilitate 
communication on certain points. The team members have provided the following comments 
on the rneeting minutes: 

Item 3 ~"The purpose of the EUP ...... need to be evaluated." 
Your claim in this project is to eliminate the toxigenic strain of A. ffavus. It is highly unlikely that 
you will eliminate aflatoxin. Accurate clain1s should address reduction of the toxigenic strain or 
of aflatoxin, and lf possible, which of the aflatoxins you plan to reduce. 

Item 7 ~"Concern was expressed ...... Section 3 registration." 
A blue folder was presented with anecdotal information to support a request to waive the 
requirement for the avian toxicity studies. Requests to waive data must be supported by sound 
scientific information. In your data waiver request, please clarify: 
(a) what preferred habitats for birds are available within the treatment area; 
(b) the proximity of such habitats to the cotton growing areas; 
©what the exposure of birds is likely to be to A. fJavus AF36 during pesticide application and 
during the growing season. 

Item 8 - "It was also pointed out. .... avian toxicology studies." 
Clarify whether wheat fields are adjacent to and/or in close proximity to cotton fields in Arizona. 
Include either a study plan or what procedure you plan to use to monitor the exposure and 
effects on birds in the treated area. 

Item 9 ~"Since A. flavus occurs ..... Experimental Use Permit." 
(a) The potential pathogenicity of the active ingredient must be addressed. A label warning of 
potential pathogenicity and a requirement for appropriate Personal Protective Equipment will be 
required on labels issued for use of A. flavus AF36. 

l11ternol Addres3 {URL)• llttp:/lwww.epa.gov 

Rocycledlf.lecyclabl~ •PnntNt with Vogdablo Oil Ba~od lnkl'l on l~ncyclNI P;opor (Minimu1n 25% Po3tcommm1n) 
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(b) Requests to waive data requirements for environmental fate may be supported by the 
submission of information regarding the microbial ecology of both af!atoxin-producing and non-
aflatoxin producing A. f/avus in Arizona. 

Item 11 - "EPA indicated that a description of the manufacturing ...... We agreed to provide it." 
With reference to the folder entitled "Recommendations for setting up a large-scale AF-36 
wheat production facility in Phoenix, Arizona", dated April 1997, the team was of the opinion 
that the extrapolation from the scale-up from 2 cubic feet to 100 cubic feet may be problematic 
and that further quality control measures may be required. 

It is good that you mention that verification will be requested relative to temperature 
maintenance within the sterilization procedure. During the scale-up, the time required for 
cooling from 37°C to 31°C after inoculum addition may increase. It is feasible that without 
adequate Quality Assurance controls, the potential for contamination by extraneous 
microorganisms can occur. Since the systems appear to have agitators, it may be possible to 
cool the hot sterile seeds with HEPA filtered air. If this is not practical and you have alternative 
proposals, describe what Quality Assurance and Quality Control measures you plan to take to 
minimize contamination during the manufacturing process. 

Also of concern are: 
(a) There was some question about whether the manufacturer was aware of the sterile 
techniques required for solid state fermentation, (see memo dated April 6, 1998, from Joe 
Ploski (USDA) to Tom Chirkot (Patterson-Kelley Co.). Please verify that steps will be taken to 
implement those sterile techniques and to train manufacturing staff to maintain those 
techniques. 
(b) Is there an alternative non-porous material to pillow cases for use in the drying oven? Can 
steps be taken to contain the potential dissemination of spores from the pillow cases during the 
transport of the AF36-treated wheat seeds to the drying oven? 
© Include in your description of the manufacturing process, the steps taken to monitor air 
quality to ascertain product integrity. 
(d) The wheat seeds treated with A. flavus AF36 must be differentiated by way of color from 
other wheat seeds used for planting or processing. Include the amounts of the dye/coloring 
material used in your Confidential Statement of Fonnula and a description of the method to 
color the seeds in your manufacturing process. 

If you would like to discuss these matters any further, do not hesitate to call Shanaz 
Bacchus at 703-308-8097. 

Sincerely, 

Phil 0. Hutton, Chief 
Microbial and Plant Pesticides Branch 
Biopesticides and Pollution 

Prevention Division 

2 
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UNITED STATES ENV!ROtU..tENTAL PROTECTION AGENCY 

Dr. Bill Biehn, Coordinator 
Interregional Research Project No.4 
681 US Highway #1 South 
North New Brunswick, NJ 08902 

Dear Dr. Biehn: 

Subject: Pre-registration meeting on Aspergillus flavus AF36 
on Cotton in Arizona 

fl The Agency has reviewed your submission dated May 7, 1998, regarding the minutes of 

SYMUOt. 

DATE 

the meeting with certain members of the Biopesticides and Po!!ution Prevention Division 
(BPPD). The points in your submission were numbered 1 through 11 to facilitate 
communication on certain points. The team members have provided the following comments 
on the meeting minutes; 

Item 3 - "The purpose of the EUP ...... need to be evaluated." 
Your claim in this project is to eliminate the toxigenic strain of A. flavus. It is highly unlikely that 
you will eliminate aflatoxin. Accurate claims should address reduction of the toxigenic strain or 
of aflatoxin, and if possible, which of the aflatoxins you plan to reduce. 

Item 7 - "Concern was expressed ...... Section 3 registration." 
A b!ue folder was presented with anecdotal information to support a request to waive the 
requirement for the avian toxicity studies. Requests to waive data must be supported by sound 
scientific information. In your data waiver request, please clarify: 
(a) what preferred habitats for birds are available within the treatment area; 
(b) the proximity of such habitats to the cotton growing areas; 
©what the exposL1re of birds is likely to be to A. f/avus AF36 during pesticide application and 
during the growing season. 

Item 8 - "It was also pointed out .... avian toxicology studies.H 
Clarify whether wheat fields are adjacent to and/or in close proximity to cotton fields in Arizona. 
Include either a study p!an or what procedure you plan to use to monitor the exposure and 
effects on birds in the treated area. 

!tern 9 - ''Since A. f!avus occurs ..... Experimental Use Permit." 
(a) The potential pathogeniclty of the active ingredient must be addressed. A !abe! warning of 
potential pat!1ogenicity and a requirement for appropriate Personal Protective Equipment wi!! be 
required on !abe!s issued for use of A. flavus AF36. 

COHCURR!HCES 
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(b) Requests to waive data requirements for environmental fate mus,t be supported by the 
submission of information regarding the microbial ecology of both aflatoxin-producing and non-
aflatoxin producing A. flavus in Arizona. 

Item 11 - "EPA indicated that a description of the manufacturing ...... We agreed to provide it." 
With reference to the folder entitled "Recommendations for setting up a large-scale AF-36 
wheat production facility in Phoenix, Arizona", dated April 1997, the team was of the opinion 
that the extrapolation from the scale-up from 2 cubic feet to 100 cubic feet may be problematic 
and that further quality control measures may be required. 

rt is good that you mention that verification will be requested relative to temperature 
maintenance within the sterilization procedure. During the scale-up, the time required for 
cooling from 37°C to 31°C after inoculum addition may increase. It is feasible that without 
adequate Quality Assurance controls, the potential for contamination by extraneous 
microorganisms can occur. Since the systems appear to have agitators, it may be possible to 
cool the hot sterile seeds with HEPA filtered air. If this is not practical and you have alternative 
proposals, describe what Quality Assurance and Quality Control measures you plan to take to 
minimize contamination during the manufacturing process. 

Also of concern are: 
(a) There was some question about whether the manufacturer was aware of the sterile 
techniques required for solid state fermentation, (see memo dated April 6, 1998, from Joe 
Ploski (USDA) to Tom Chirkot (Patterson-Kelley Co.). Please verify that steps will be taken to 
implement those sterile techniques and to train manufacturing staff to maintain those 
techniques. 
(b) Is there an alternative non-porous material to pillow cases for use in the drying oven? Can 
steps be taken to contain the potential dissemination of spores from the pillow cases during the 
transport of the AF36-treated wheat seeds to the drying oven? 
©Include in your description of the manufacturing process, the steps taken to monitor air 
quality to ascertain product integrity. 
(d) The wheat seeds treated with A. f!avus AF36 must be differentiated by way of color from 
other wheat seeds used for planting or processing. Include the amounts of the dye/coloring 
material used in your Confidential Statement of Formula and a description of the method to 
color the seeds in your manufacturing process. 

If you would like to discuss these matters any further, do not hesitate to call Shanaz 
Bacchus at 703-308-8097. 

~~~,----
Phil 0. Hutton, Chief 
Microbial and Plant Pesticides Branch 
Biopesticides and Pollution 

Prevention Division 

2 
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May 28, 1997 

Ms. Shanaz Bacchus 
U.S. Environmental Protection Agency 
Biopesticides a.nd Pollution Prevention Division 
Mailood• (7501 W) 
401 MSt. SW 
Washington, DC 20460 

Dear Ms. Bacchus: 

This lett&r is to conlirm our understanding or tb.e meeting between US EPA, IR-4, 
USDAIARS and Na.tiona1 Cotton Council at you,r ¢£fices on April 10, 1997. The following 
people were present: 

USEPA 

Phil Hutton 
Shanaz Bacchus 
Doug Gurian-Sherman 
John Kough 
Cindy Schaffer 
Gail Tomimatsu 

USDAIARS 

IR-4 

Peter Cotty 
Jane Roberu; 

Christina Ha rt man 

National Cotton Council 

Ph.ii Wakelyn 

OPP/BPPD 
OPP/BPPD 
OPP/BPPD 
OPPIBPPD 
OPP/BP PD 
OPP/BPPD 

Research Plant Pathologist 
National Program Leader, Food Safety and Health 

Biopesticide manager 

Senior Scientist, Environmental Health & Safety 

The purpose of this meeting was to determine if the efficacy dai.a currently bQing 
generated by Dr. Cotty undar an EUP would be sufficient to support a section 3 registration 
(or Aspergillus {louu.s AF36. Strain AF 36 is used to displace aflatoxin producing strains in 
the cotton crop. Because of the human hca!Lh implications, efficacy data is required for a· full 
registration and it is nCilcossary that th.is tlata be .sa~i3factory to the Agency. 

Presented materials 

Dr. Cotty opened his presentation with an overview of aflatoxin contamination of 
cottonseed. Points covered included significance to industry, commercial sampling and analysis 
for a.OatoYins, n.a.tional versus st~te regulations, practice.sand policies, national distribution, 
and high variability, He next described the two phases of a.fl:.toxin contamination and the 

JJNnOJ NOllOJ ltlNOllt:lN 
----~· 
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predisposing factors and the current technologies for prevention of Contamination of cottonseed. 

Dr. C<:itty then described the complex com.munities of Aspergtllus flauus vegetative 
compatibility groups. Ho included a diseussion on vegetative t;01llpatibility analysis as .it 
pertains to field test analysis. Existing efficacy data and mechanisms of action were reviewed. 

Greenhouse experiments have shown that AspergiUus {l.o.vus interferes with afiatoxin 
contamination when introduced into damaged cottonbolls at equal or 1/2 the conidial 
concentration of the aflatoxin producing strain. Presence or AF 36 in bolls o:r cultures is always 
associated with r~ductions in aflatoxin concentrations. Field plot experiment& have shown that 
AF 36 displaces atlatoxin producing strains under cotton producing conditions in Yuma, Arizona. 
and that the end result is a fungal community associated with the crop that has a lower 
potential to produce· aflatoxins. This community change is associated with reductions in 
aflatoxin contamination. Field plot studies have shown that the aflatoxin content of the crop is 
directly and inversely related to the incidence or A.sperglllu.$ flw;u.s AF36. Increases in the e 
incidence of AsperlJillus: flovU$ AF36 in tho gnionhouse and field plot:; consistently result in 
decreases in aflatoxin concentration in cottonseed. From this it is clear that when tho percent of 
the Aspergillus flauu.s corrimunity composed of AF36 is increased, crop vulnerability to aftatox.in 
contamination is decreased and the quantity of aflatoxin in the crop is reduced compared to 
what would have been present if AF 36 was not present. 

Next Dr. Cotty showed the design for commercial field tests. A chart was shown that 
showed the distribution of the wheat seed (inoculum) after commerci~l application. A map or 
the distribution of the aflatoxin contamination among fields surrounding- the treated field at 
Mohawk Valley test area 1 was shown to illustrate 1996 results. A chart with the influence of 
gin data on aOatoxin content of the commercial crop in 1995 and 1996 and a bar chart 
comparing all eeed lou, from the Mohawk gin with the treated field. 

A map of incidence of AF36 in Mohawk Va.Hey test area 1 in soil prior to application and 
a map of incidence of AF36 on the crop after ginning were used to show the spread of the isolate. 
Tables pl'esented included aOatoxin levels in Mohawk Valley test area 1, AF36 incidence in e 
Mohawk Valiey test area I, aflatoxin levels in Mohawk Valley test area 2, AF36 incidence in 
Mohawk Valley te.st area 2, aflatoxin levels in Yuma Valley test area and AF36 incidence in 
Yuma Valley test area. 

Dr. Cotty next explained the relationship between the concentration ofaflatoxin 
contamination in BGYF seed and the percent Free Fatty Acid content. As free fatty acid eontent 
increased, the concentration of aflatoxin in the crop increased. The relationship for untreated 
fields differed markedly from the relationshjp for treated fie.Ids, Aflatoxin content increased 
much faster with froo fatty acid content in untreatad fields. An overhead wus shown with 
afiatoxin content of BGYF seed measured. predicted, average or surrounding fields, and range in 
surrounding fields. 

The total aflatoxin content of cottonseed in untreated fields was also correlated (R2 = 
0.8223) with free ratty acid content. Free fatty acids form when cottonseed is exposed to high 
humidity. Thus, tho correlations indicate that as tho seed was exposed to high humidity, 
aft.a.toxin increased and the increases were greater when the exposure was greater. This agrees 
with the general picture seen for cottonseed from this area in 1996 where the quantity of 
aflatoxin increased with harvest date. The latter harvested cotton would be the cotton exposed 
to humidity to the greatest extent. The total aflatoxin content of cottonseed from treated fields 

-2-
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was also significantly correlated (R.: = 0.9942) with free fatty acid content. However, with the 
combined data (from treated and untreated fields) the correlation was poor (R1 = 0.2659). This 
is Pecause the relationship between free fatty acid content and a.flatoxin was very different in 
treated and untreated fields. Aflatoxtn content increased with free fatty acid content at a much 
slower rate in treated lields than in u.ntreated fields. However, a good correlation (R2 ::: 0.8661) 
exists between free fatty acid contgnt and the number resulting from multiplying aflatoxin 
content times the percent of the A flauus community Composed of AF36. This supports the 
contention that the difference between treated and untreated fields in th~ relationship between 
aflatoxin content and free fatty acid content is attributable to increased incidence of AF36 in 
treated fields. The oorrelations indicate that AF36 reduced the aflatoxin content of 3eed f'roru 
treated fields. A vezy strong correlation~ists with the combined data sot between 
free fatty acid content and the amount o~predicted if AF36 was not present. Titis 
strong relationship indicates that the vresence of AF36 in the commercial fields is a major factor 
influencing afiatoxin content. The predicated aflatoxin content was calco.lated by assuming that 
AF36 caused a proportional linear reduction in aflatoxin content. This assumed all toxin came 
from isolates other than AF36 and the in!luence of AF36 resulted in simple reductions in 
contaminatlon through competitive exclusion. Thus an incidence of AF36 of 50% would cause a 
50% reduction in aflato>tin and cottonseed from that field would have a predicted level~ J,_ 
times 0£ that measured, etc.). 

rn conclusicin. Dr. Cotty went over the experimental plans for 1997. These include: A) 
sampling of soil within and nearby fields treated in 1996 in order to asse5.S long·term influences 
of AF36 application; B) $ampling ofaoil from new fields to bo treated in 1997; C) treatment of 
approximately 500 acres of cotton with AF36 in the Yuma and Mohawk Valleys; D) analysis of 
ginned cottonseed from the treated fields for AF36, a.flatoxins, and free fatty acid content. 

Discussion 

In general cornments, Phil Hutton stated that Dr, Cotty was on the right track. John 
Kough pointed out that the following three areas of data were imoortant to the Agency for the 
section 3 scientific evaluation. The first area is levels of aflatoxin in cottonseed from treated 
and non~treated areas. The second is data showing displacement of aflatoxin producing strains 
by AF36. The third is the data on correlation of free fatty acid with aflatoxin. A list of studies 
and examples of data generated in 1996 are attached to confirm that the~e .5tudies are 
acceptable to EPA for the section 3 regi3tration. ~ 

As stated by the Agency, data collected should reflect the goal of less aflatoxin in the 
treated fields. The data should associate displacement ofstz;ains with aflatoxin reduction. Phil 
Hutton suggested that the overall picture and trends would be given conslderation since it can 
be expected that AF36 can move into adjacent fields thus making some control fields comparable 
to the treated. 

We look forward to receiving your confirmation of the above understanding. 

-3-

Sincerely. /J '7 I _1 _ 

[I~.<.~ 
Christina L. Hart.man, Ph.D. 
Biopesticide Manager 
Office of lR-4 

11 :JNf"IDl.]',jQ I I OJ Jt!N~D~I ~I H~N~---~c~•~: Fir ... -866 r- I?.c.Hdt:i __ _ 
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$tudie$ Performed in 1996 to Assess Efficacy of Aspergll/us flavus AF3S 

I. Comparison of Aflatoxin lev0ls in treated .:and nGarby fi@lds. 

Seed cotton was harvested conunercially, Gins were asked to segregate seed from 
individual treated and nearby fields on a field by field basis and to keep the seed 
separate until sampling was accomplished. A single s..'Ullpling from each field was 
taken according to the Arizona commercial feed law and this was analyzed for 
aflatoxin conteut by an independent laboratory. Six replicated seed samples from 
each field were taken for analyses at t11e Southern Regional Research Laboratory. 
In order to separate toxin fanning during the flrst and second phases of 
contamination, fluorescent seed was separated from non-fluorcscer1t seed. 
Aflatoxin contents of ti1e two sc:cd categories were determined separately for co.ch 
oft.be six replicate samples for each field. 

Examples of Data Generated~ 

Aflatoxin concentrations in BGYF seed both from fields trl",ated \Vi th Aspergillus 
f!.avus AF36 in 1996 and from nearby untreated fields 

· Afla1oxin B1 in BGYF seed (J?pb) 
From treatt:d fields From nearby fields 

Treated field Measuredl Predictedb Actual average Actual range 

Barkley 44 
Stuhr 3 
Sharp 204E 

3 
1,648 
1.509 

4,732 
62,516 
18,207 

4,065 
!0,004 
14,794 

73 to S,056 
7,113 to 13,515 
3,194 to 33,055 

~ BGYF seed was saned frorn nou-fluorc:sccnt seed and annlyz.cd for nflatoxin 
content separately, Value:::; arc nveragcs of6 replicates. Each re:plic:ale is the 
average oft\VO nnaly3es, 

b Predicted ;ttla1oxin values were calct1lated from !he treated field's free fatty acid 
content by using the fortnula of the least square regression line for the correlation 
between percent free fatty acid and aflatoxin concentration for seed from untreated 
fields, 

Aflatox!n Conte111 of Coltonseed Harvested in Yurna Valley Tes! Area 

Aflatoxin (ppb) 

Field Type Commercial BGYF Non-BGYF 

44 Treated 0 3 B 
95 Adjacenl 8 13 
29 Adjacent ND 8,056 44 
43 Adjacenl ND NO.Pima 15 

NO;: no! delermined. 

l!JNnO) N0110) lbNOtJ.tiH 

Overall 

B 
I 

51 
15 

• 

• 
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Afl:.itoxin Content of Cottonseed Harvested In Mohawk Valley Tes! Area I 

Aflatoxin (ppb) 
Field Type Commercial BGYF Non·BGYF Overall 

204 E Treated 19 1,509 129 138 
204W Adjacent 180 3,194 53 65 
205E Adjacent 341 33,055 645 855 
205W Adjecent 341 13,984 751 987 
201 Adjacent 92 9,934 389 398 

AHatoxln Content of Cottonseed Harvested in Mohawk Valley Test hea II 
AHatoxin (ppb) 

Field Type Commercial BGYF Non·BGYF Overall 

3 Trealed 600 1.648 464 471 
4 Adjacent 200 9,385 99 164 
12 Near ND. 7,113 3 10 
23 Near ND 13,515 69 83 

ND= not determined. 

II. Influence of applications on composition of A. flavus communities. 

Soils within treated and nearby fields were sampled and the incidence of 
Aspergr1lusflavus AF36 in the Asperglllusflavus community resident in the fields 
was detennined by vegetative compatibility analysis. The Aspergillusf!a..,us 
conununity resident on the crop after harvest was also sampled and the incidence 
of AF36 determined. The incidences of AF36 in the soiJ·and on the crop were 
compared. 

Examples of Data Generated: 

Influence of Applications on Incidence of AF36 in Yuma Valley Test Area 

Incidence of Aspergillus fiavus AF36 (%) 
Field Type In Soil Prior(# Isolates) On Cottonseed (#Isolates) 

44 
95 
29 
43 

Treated 
Adjacenl 
Adjacent 
Adjacent 

ND:: not determined. 

3.0% (157) 
2.1% (131) 

3% (68) 
ND 

llJNnDJ NDllOJ l~NOll~N 

74.6% (60) 
7.9% (65) 

31.2% (55) 
34.0% (55) 
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lnnuence of Applicali,9ns on Incidence of AF36 in Mohawk Valley Tes! Areal 

Incidence of Aseergillus flavus AF36 (%) 

Field Type In Soil Pnor (# lsolales) On Cottonseed (# lsolales) 

204 E Treated 1.1.% (154) 91.6% (69) 
204W Adjacent 4.0% (72) 61.7% (57) 
205E Adjacent ND 56.9% (72) 
205W Adjacant 0% (58) 27.1% (70) 
201 Adjacant 2.6% (67) 42.5% (60) 

NO:;;; not delennined. 

lnfluenca of ~plications on Incidence of AF36 in Mohawk Valley Tes! Area II 

Incidence of AspellJillus flavus AF36 (%) 
Field Type In Soil Prior(# lsolales) On Cottonseed(# lsolales) 

3 Treated 8.6% (151) 98.6% (71) 
4 Adjacent 0% (70) 23.5% (60) 
12 Near ND 26.4% (72) 
23 Near 6.4% (65) 11.2% (71) 

ND = nol delermined. 

III. Long-term and area-wide Influences of applications on composition of A. 
flavus communltles. 

During 1997 the incidence of AF36 in soil:s withing ficld:s .sampled in 1996 will be 
determined in order to assess long-term and area-wide influence$ of <\pplication.s. 
Th~ quantity of fields will be expanded to included fiefds treated for the firs I time 
in 1997. Data wiil not be available for these comparisons until spring 1998. 

IV. Model based analysis of influences of applications on aflatoxin contamination 
using Free Fatty Acid Content of Oil to indicate the extent of crop 
\veathcring. 

A .subsample of each replicate seed sample (six per field) from each field was sent 
to a commercial laboratory (Mid-Continent Laboratories, 1nc., Men1phis, TN) for 
Free Fatty Acid Analysis. Analyses were performed by official mctho~s. 

lIJNnOJ NOllOJ l~NO!l~N 

• 

• 



357

• 

• 

Correlations were tested between aflatoxin concentrations and free fatty acid 
content for treated, untreated, and combined data. 

Examples of Data Generated: 

1200 

1000 

i 
800 .. 6"0 s • 

* < 400 

200 

0 

0 

Correlation bg.twoon Fnto F11tty Acid ContOl'lt and Aflatoxln 
C:ontont • P.aw Data 

0 

y .. 823.75:c· 200.12 
IF"'D.8223 

Aelds not lrcaled 

2 

0 

y" 10B.7h. :l-4.170 

R1 "0.9!M2 

3 

Free Fany Acid Conlenl or Otl {%} 
• 5 

--~"---... 1'f~ ........... , \ho IW""""'1\Np Oo_.. F- FOily Addo .-.I 
,i.1mo11n1"' IN 1!>$11; CQmi?t- field,. ... ,. :i 

~ ~ flVfJ f'fl;tj r'Od l'.PUtt <n:I 
~ c.oitw1 cl lhe BG'l1' SoW- Pa..r ~ 
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I ""' . .. 
~ 
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"' 
" " 

• !<YAl<l•l•Al><O<)/l(Wb) 

• •'I' A>E> 1t A 1.i""1<1 {l>OO] Xl"'AF:>3Y.oG 

• 

' ... ~ .... ·~:µl • 
R' •~.lllO 

' • ' 
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Cr.1rr11!11tkln between Pr1dk:t1d AnatrJxln (Ouanlit~ u Nr.1 AF36l 
ver$YI Frea Fatly Acid Conlan! 

• • 
' 

• 

y• 3414.h' ·8014.fti{"f-4192.-4 
R'=D.978 . ~ .. 

... 
• 

• • . .. 
• 

1

1 

y;:;;: 1<!06.(1;(•687.!it 
I R"::0.0515 

o+-~_,·'-'-'-=-'+-~-t~~+-~-i 
' . ' ' 

Predicted Aflatoxin Levels if Aspergillus flavus AF36 was Absent 

1996 Commercial Field Tests 

Free Fatty ~ured Atlatoxin if nc 
Field Acids(%) Allatoxin (ppb) AF.l6 (ppb) 

Yuma29 0.88 51.00 74.20 

Yuma 95 0.38 0.68 0.74 
1Vk1-205W 1.48 987.00 

. 
1,354.76 

M<1-204W 0.43 65.00 169.79 

M<1-205E 207 SSS.00 1r985.79 
M<1-201 1.09 398.45 693.57 

M<2-4 0.77 164.45 215.00 

M<2-12 0.52 9.91 13.46 
. 

Mk2-23 0.70 83.05 93.SG 

Yuma144 0.53 8.00 31.61 

M<1-204E 1.40 138.00 1,655.87 
unKno\Ml 1.32 1,284.36 1,735.86 

111<2-3 4.68 470.82 33,896.04 

un1<nov.n 5.43 667.75 66rns.oo 

0~/60"d 0V0V £8V 202 lfJNnDJ NOllOJ l~NQ[l~N 
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The following corrects a transcriptional error in the submitted version of the letter: 

A very strong correlation (R2=0.978) exists with the combined data set between 
free fatty acid content and the amount of aflatoxin predicted if AF36 was not 
present. This strong relationship indicates that the presence of AF36 in the 
commercial fields is a major factor influencing aflatoxin content. The predicted 
aflatoxin content was calculated by assuming that AF36 caused a proportional 
linear reduction in aflatoxin content. This assumed all toxin came from isolates 
other than AF36 and the inftuence of AF36 resulted in simple reductions in 
contamination through competitive exclusion. Thus an incidence of AF35 of 50% 
would cau:::;e a 50% reduction in aflatoxin and cotton:::;eed from that field would 
have a predicted level twice that of the measured aflatoxin content (a field with 
75% AF36 would have a predicted level four times of that measured, etc.) . 

llJNllOJ NOl!OJ lt!MOl!t!M 
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Aspergillus flavus AF36 (Atoxigenic strain): Defi~iencies and Status of studies from DERs 

DER C. Schaffer 2/20/96 

Deficiencies: Health Effects 

I. QAJQC 

f/;;,1? cp+1c~ r&C~~ , ' 
ti> Af(".-!v-x...:"~ ~!--'Jo~ &,·h~ 
2. Sensitizer 

3. Taxonomic description of strain 
need colony morphology, 
photomicrographs 

4. Amt of moisture to be limited 

I .. e _,-~/ 
', ·~··1 1

(' ~/;·Either use respirator orprovi~e. 
i Yv\ pulmonary study (No tox1c1ty/patbog. '. & .. · ~~ pulmonary study submitted for EUP). 

~ 6. Need Acute Oral 

DER G. Tomimatsu 4/24/96 

Deficiencies: Ecological Effects 

e 1. Non-target Mammal, avian honey bee, 
observed stonebrood in honeybee 

2. Wildlife toxicity? 

3. Non-target plants Waived 
Ubiquitous 

3. Reported from lit. Aspergillosus in pigs, sheep 
cattle, horses, horses, dogs, birds, insects, 
housefly, tennites 

4. Endangered spp. not expected in cotton fields. 

DER C. Schaffer 4/23/96 

QAJQC addressed 
A. Vegetative compatibility analysis 
A. Microbial contamination 
A. Quantity of conidia by turbidity analysis 

A. Not sensitizer in Corty's lab 

A. Submitted. 

A. Store dry on label. do not expose to 
relative humidity >80o/u prior to use. 

A. Used respirator. 

A. Acute oral done LD50 > 50glkg. 

" 

Check Tox/patb and for ho'v long? 

Need, sent letter for timeline 
4/28/97 

Recommended avian tox/path 
(N. bobwhite) incl. post mortem and 
histopath. 

Protocols for these?? 

),}f,,~~~ Cc t ~ 

CJ f "'<O.~J 
/ (< )C'"L. l 
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AFA:!-02-98 11 :<lS FROM: IR-<l HEADQUARTERS ID' 7329328<18 l 

lnterl'egional Research Project No. 4 
f'tlnor Crop Pr.it Mana1emant 

April 2, 1908 

• TO: Phil Hutton 
Shanaz Bacchus 

• 

FROM: Bill Biehn 

SUB,TECT: EPA Prere~stration Meeting on As:oert:filus fl_ayu!'l 
AF36 on Cotton ju Arizona. 
Wednesday A)lril 15, 1998 at 1:00 p,m. 

Attached is the Agenda and a list of the participants representing 
USDNARS, the cotton growers and the Arizona Department of Agricult.urc. 
In addition to these participants, Dick Guest, Jack Norton and 1 will be 
representing IR-4 at the meeting. 

WLB:js 

f<~nC"losure 

cc: R.T. Guest 
J. Norton 
L. Antilla 
P. Cotty 
P. Wakelyn 
E. Minch 

New Jcrn:y Agrfc1.tlru;.tl Exp.eriment Station 

Cock C111!og11·1»0. Bo• lJI • N<!W 81'1.tn!Wlck, NJ• OS'Xl)-0'2)1 • '10819)1-9~7~ • !'""' 90lll'>ll·S481 

1>11 S•NL \.NvlJl',llV <JI' Nr'W'.0 '~ 
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~-0:2-913 t l '48 FROM, l R-4 HEAOQUARTERS l D' 732932846 l 

AGENDA 

EPA PREREGISTRATION MEETING 

MICROBIAL PRODUCT: ASPERGILLUS FLAVUS AF36 ON CODON IN ARIZONA 

Wednesday April 15, 1998 1 PM 
Second Floor Conference Room 
EPA, Crystal Station #1 
2800 Crystal Drive, Arlington, VA 

1. Introductions 
Dr. Phillip J. Wakelyn 

II. Aflatoxin in Arizona Cottonseed: A Threat to the Cotton Industry 
Mr. Chuck Youngker, Mr. Clyde T. Sharp, Mr. Larry Antilla 

Ill. Overview of Aflatoxin Biocontrol Studies 
Dr. Peter J. Cotty 

u AF36 is in the commercial crop and in natural desert ecosystems. 
uToxigenicity is reduced without changing the overall quantity of Aspergil/us flavus 
uCurrent Shifts towards more toxic Fungal Communities are Reversed. 
uApplications Result in Long term and Area wide Benefits. 

JV. Follow~up: Alternatives for Expanded use on Arizona Cotton in 1999. 
(The target for 1999 is 20,000 treated acres.) 

a o 
uActive ingredient production in a publicly managad, growar owned facility. 
uData requirements for an amended/expanded EUP. 
uRaquirements for Section 18 registration. 
uRsquirements for full registration limited to a public manaced program in Arizona. 
uOther. 

V. Requirements for Data Waivers for Toxicological and Ecological Effects 

VI. Discussion. 

' I ·' . I> ! \: '- ..... <-' ('~ ,·.,_., r .<.. rn-.. ,:;:.. ___ 
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I 
u~-~~ l 1147 FROM• IR-4 HEADQUARTERS ID1 73293284.SI 

Participants from outside the EPA: 

Dr. Phillip J. Wakelyn 
Senior Scientist, Environmental Health and Safety 
National Cotton Council 

Ms. Carla West 
Government Affairs Representative 
National Cotton Council 

Mr. Chuck Youngker 
President Arizona Cotton Growers Association and 
Chairman Arizona Cotton Research and Protection Council 

• 
Mr. Clyde T. Sharp 

Chairman Research Committee, Arizona Cotton Growers Association 

Mr. Larry Antilla 
Staff Director. Arizona Cotton Research .and Protection Council 

Dr. Edwin w. Minch 
Environmental Specialist 
Arizona Department of Agriculture 

Dr. Potor J. Cotty 
Research Plant Pathologist 
Agricultural Research Service, United States Department of Agriculture 

Dr. Jane Robens 
• National Program Leader, Food Safety and Health 

Agricultural Research Service, United States Department of Agriculture 

PACE 4. 
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Aspergillus jlavus AF36 (Atoxigenic strain): Deficieacies and Status of studies from DERs 

DER C. Schaffer 2/20/96 

Deficiencies: Health Effects 

1. QA/QC 

1), '1 : cp +1c~~ r= ~,,,~ . -
(j! A!f,_h,-,,_.,:~~ ~J-10~ L.Y..c, 
2. Sensitizer 

3. Taxonomic description of strain 
need colony morphology, 
photomicrographs 

e 4. Amt of moisture to be limited 

yljf{!;• '· f ~~ther use respirator or provide 
l., '\ 

/ 
pulmonary study (No toxicity/pathog . 

. >.Y~ pulmonary study submitted for EUP). 

~ 6. Need Acute Oral 

• 
DER G. Tomimatsu 4/24/96 

Deficiencies: Ecological Effects 

1. Non-target Mammal, avian honey bee, 
observed stonebrood in honeybee 

2. Wildlife toxicity? 

3. Non-target plants Waived 
Ubiquitous 

3. Reported from lit. Aspergillosus in pigs, sheep 
cattle, horses, horses, dogs, birds, insects, 
housefly, termites 

4. Endangered spp. not expected in cotton fields. 

DER C. Schaffer 4/23/96 

QA/QC addressed 
A. Vegetative compatibility analysis 
A. Microbial contamination 
A. Quantity of conidia by turbidity analysis 

A. Not sensitizer in Cotty's lab 

A. Submitted. 

A. Store dry on label. do not expose to 
relative humidity >80% prior to use. 

A. Used respirator. 

A. Acute oral done LDSO > 50g/kg. 

-· 

Check Tox/path and for bow long? 

Need, sent letter for timelinc 
4/28/97 

Recommended avian tax/path 
{N. bobwhite) incl. post mortem and 
histopath. 

Protocols for these?? 

) )-f~'-"-~ -k Cc + <_ 
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APR-02-99 11 • 4 5 FROM, 1 R-4 HEADQUARTERS ID' 7329328491 

Interregional Research Project No. 4 
Minor Crop Pest Management 

April 2, 1D~8 

• TO: Phil Hutton 
Shanaz Bacchus 

• 

FROM: Bill Biehn 

SUB.TECT: EPA Prereeistration Meeting on A13vereffius tlavus 
AF36 on Cotton in Arizona. 
Wednesday Allril 15, 1998 at 1:00 p,m, 

Attached is the Agenda and a list of the participants representing 
lTSDNARS, the cotton growers and the Arizona Department of Agricultt1rc. 
In addition to these participants, Dick Guest, Jack Norton and I will be 
representing IR-4 at the meeting . 

WLB:js 

fojn<'losure 

cc: R. T. Guest 
J. Norton 
L. Antilla 
P. Cotty 
P. Wakelyn 
E. Minch 

Nl!W Ji;incy Agrh:ulruMll Exp.iriment Statii;in 

CO<lk Ci;i!!cr;c ·P.O. Bo• U! •New St-t.1ntwkk, NJ· 08'103-0131 • '°81,Jl-'575 • r=.,,- ')0f\/9.l)·8<181 
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~-02-se 11 ,45 FROM, IR-4 HEADQUARTERS ID• 7329328401 

AGENDA 

EPA PREREGISTRATION MEETING 

MICROBIAL PRODUCT: ASPERGILLUS FLAVUS AF36 ON CODON IN ARIZONA 

Wednesday April 15, 1998 1 PM 
Second Floor Conference Room 
EPA, Crystal Station #1 
2800 Crystal Drive, Arlington, VA 

I. Introductions 
Dr. Phillip J. Wakelyn 

II. Aflatoxin in Arizona Cottonseed: A Throat to the Cotton Industry 
Mr. Chuck Youngker, Mr. Clyde T. Sharp, Mr. Larry Antilla 

Ill. Overview of Aflatoxin Biocontrol Studies 
Dr. Peter J. Cotty 

u AF36 is in the commercial crop and in natural dosort ecosystems. 
uToxigenicity is reduced without changing the overall quantity of Aspergil/us f/avus 
uCurrent Shifts towards more toxic Fungal Communities are Reversed. 
uApplications Result in Long term and Area wide Benefits. 

IV. FollowRup: Alternatives for Expanded use on Arizona Cation in 1999. 
(The target for 1999 is 20,000 treated acres.) 

a a 
uActive ingredient production in a publicly managed, grower owned facility. 
uData requirements for an amended/expended EUP. 
uRequiremants for Section 18 registration. 
uRequirements for full registration limited to a public managed program in Arizona. 
uOther. 

V. Requirements for Data Waivers for Toxicologica< and Ecological Effects 

VI. Discussion. 

PACE 3 
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Participants from outside the EPA: 

Dr. Phillip J. Wakelyn 
Senior Scientist, Environmental Health and Safety 
National Cotton Council 

Ms. Carla West 
Government Affairs Representative 
National Cotton Council 

Mr. Chuck Youngker 
President Arizona Cotton Growers Association and 
Chairman Arizona Cotton Research and Protection Council 

• Mr. Clyde T. Sharp 

Chairman Research Committee, Nizona Cotton Growers Association 

Mr. Larry Antilla 
Staff Director, Arizona Cotton Research ~nd Protection Council 

Dr. Edwin w. Minch 
Environmental Specialist 
Arizona Department of Agriculture 

Dr. Pater J. Cotty 
Research Plant Pathologist 
Aoricu!tura! Research Service, United States Department of Agriculture 

.Dr. Jane Robens 
National Program Leader, Food Safety and Health 
Agricultural Research Service, United States Department of Agriculture 
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Dr. Bill Biehn, Coordinator 
Interregional Research Project No.4 
681 US Highway #1 South 
North New Brunswick, NJ 08902 

Dear Dr. Biehn: 

Subject: • Pre-registration meeting on Aspergiflus flavus AF36 
for use on Cotton in Arizona 

The Agency has reviewed your submission dated May 7, 1998, regarding the minutes of the 
, J.; meeting with certain members of the Biopesticides and Pollution Prevention Division {BPPD). The points 

(9_;r;;>:., • -~ _ in your submission "'."ere numbere~ 1 through 11 to facilitate ~ommunication on certain points. The team 
o--..'f!.....,.or:~ ~members have provided the following comments on the meel!ng: 
~~°1Jn£.· -

!\('. ":i.a.1_.,.., Item 3 - "The purpose of the EUP ...... need to be evaluated." 
:',;~ • 1 ~ ~~- -~ Your claim in this project is to eliminate the toxigenic strain of A. flavus. However, this is accomplished in ,.,..,..,. : ;0, ~ a gradual manner by displacement competition, which may be better described as a reduction of the 

~~~'aflatoxin contamination in cotton. /f\/I 
L.;.: \ ~ ~ em 7 - "Concern was expressed ...... Section 3 registration." 
1:1~ ;:~/Check-wilho:..G.Jo::{how-to-present·her-eog;!mer.iH:_A b_\u.fJ..91der '?s pr~_~ented with anecdotal information to 
.,.~ , "'/' support a request to waive 9EMe-feF the,.'l1V"lan toXTCTi'y studies. :B:ata Waivetrequests must be supported by 
~ ~rW--~;r sound scientific information. In your data waiver request, please clarify: 
I • .:.i.,it;f~'--'{a) what preferred habitats for birds are available within the treatment area; 

~ O"' _ µ;ri {b) and the proximity of such habitats to the cotton growing areas; 
{c) what is the exposure of birds likely to be to A. flavus AF36 during pesticide application and during the 
growing season. -lo 11~&1/ov '' 

i0Pf 
Item 8 - "It was also pointed out. .... avian toxicol~ .. 
Clarify whether wheat fields are adjacent to 0r'in close proxif!llty to cotton fields in Arizona. 1 .hf n- J; 
(Gail, for my own info, what do we need this information for'ij'"6a.0.r.1 X...ot-._-21

1 

-Jv(J{.{6)~ 1-p i"I Ll·" ~ 
SR..,J;i) vJ rY W\ () °"6,(',Jo~ \JI(+ &T] 

Item 9 - "Since A. flavus occurs ..... Experimental Use Permit." 
(a) The potential pathogenicity of the active ingredient must be addressed .{John: re your statement that 
"some disclaimer about potential pathogenicity may be needed" what do you mean by your comment and 
what data/rationale will address your concerns? I need some help here to put your thoughts into ~ti .. . 
words .... Thanks)-~ L1..l1\\ l>-t C1... lCLc...1?-1.,.. f6, ~.s~+a ~v...!f~o'\.\. ~ \..J..4--'! 'bl...l 2~ 'M.o.j 

~ ·~o V.... ~ \.~ cuo.-c ~ 'iS 'iJ Ii' o ~. \-,_-.~ p<-<l..to &"-<-.<A r-<.-hf ·; <tf Yl'-''(' vc<>..~ \l r-0 \.~cJ:u_,.q 
{b) Requests to wai~Jl_~or environmental fate~ must be supported by the s'-!bmission of ;_ ~!p · 
approp~iate informa~io~ r:~garding the microbial ecolog0rf both aflatoxin-producing and non-aflatoxin U 
producing A. flavus 1n\~n~.. . . >X- ," ~~ 
Item 11 - "EPA indicated tha~~f the manufacturing ........ We agreed to provide it." With 

FYI $ refe~nce to the folder entitled "Recommendations for setting up a large scale AF-36 wheat production," 

,r '. .. ~-"• ]).~ i1A£ <"<>i iuc~t. l\\o. µ,~-~,.Js ·6·c' +e.t;'-f. ""~· .,, p"""' "- '"''v . . . I) . .1~ ... . 7T.CJJ I " 
1=~~.==;~ · ~.VU- CU~ ~~ ="-' ,<A»-''~~ . N V- . 

c0~~J ~ , ..... n 11 )!.& A-cLOMf~ ~ ~J. s~·0 d.ocu...~~Wd-..uo,., 
1'..aMk>ncJU.., ~~;,,,,, d.. d..a.k... ' 
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i CP-l 
thf:(t@m·felt-that- to-extrapolat¢./rom the scale-up from a 2 cubic feet production process to a 100 cubic 
feet production process may be problematic and further quality control measures may be required. 

It is good that you mention that verification will be requested relative to temperature maintenance 
within the sterilization procedure for the wheat seeds. However. there is some concern about the 
presence or proliferation of contaminants during the incubation process. During the scale-up, !he time 
span required for cooling from 37°C to 31°C after inoculum addition may increase. It is feasible that, 
without adequate Quallty Assurance controls, the potential for contamination by extraneous 
microorganisms can occur. Please describe your Quality Assurance and Quality Con!ro! measures to 
minimize contamination duririg the manufacturing process. , -, .. ( · ' .; ... -; " _ t, ,-- · '· r ... • ,. ~ '. 

' ' ' . ! ·, ' '•, i t .,.,, ,, ' ': !- ' I ,- (_ \.>.F \ 
Also of concern are · ,.,.-','( -· '~'-t ·: ._; ( · 

::. } · :_ (a) issues about air quality in the manufacturing establishment; 
(b) the transfer of the treated \.Yheat seeds to the drying oven in what may be porous pitlo\-v cases; and 
(c) the reference to the possibility that the company may not be aware of the sterile techniques involved in 
the production process (see memo from Joe P10Sk1," 4/6/98, to Tom Chirkot Patterson-Kelley Co.). 

;e· . , 1 1 

'·, ·; 1 The steps taken to 1nonitor the air quality~; t'~-~· ~~~~;~ct~;i~g ~s;~~l,is~i~-e~t,and t~ i~~~ment the 
use of sterile tect1niques n1ust be docun1ented and employees must be trained in aseptic techniques??? 
(HELP, Tea1n! We approve manufacturing methods and product chemistry, OSHA enforces. In the 
description of the manufacturing method, don't we ~van! information to show tt1at the aseptic techniques 

' ' , 1 

• 

wiltreducepotentialcontaminationoftheEP?)--- ·. l;;") \:,,' , 1 : _., ; ,f' '·• '.l,L< 1
-•' .. !-

Your communication in writng regarding the above comments will be included in the Agency's 
assessment of the pending data packages in support of the use of this active ingredient. If you have any 
questions, do not hesitate to call Shanaz Bacchus on 703-308-8097. 

Who signs? 

cc: Files 

Sincerely, 

Phil Hutton 
Chief 
Microbial and Plant Pesticides Branch 
Biopesticides and Pollution Prevention Division 

'' '(-
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RE: Comments on "Recommendations for the Setting Up a Large-Scale AF-36 Wheat 
Production Facility in Phoenix, Arizona, April 1997" 

Shan, 

I have looked over the Aspergillus jlavus AF-36 proposal and find that my comments are 
largely shared by John Kough relative to the scale-up from 2 ft3 to 100 ft3

• It is good that they 
mention that verification will be requested relative to temperature maintenance within the 
sterilization procedure for the wheat seeds. This could be a pitfall in extrapolating from small 
scale to large. 

My other concern is the presence of contaminants in the incubation process. Given that 
the incubation period at 30-31 °C is only 20 hours and the moisture content is dropped to 6-8 °/o 
(over an undetennined time frame), I don't feel that a major problem exists if the starting 
inoculum is pure. However, once this process is adjusted to 100 ft3

, the times for cooling from 37 
to 31 °C after inoculun1addition1nay be greater. There doesn't seem to be any QA/QC for 
extraneous microbes that may be present and problematic. Was this issue addressed during 
Peter's presentation? 

Chris 
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Interregional Research Project No. 4 
Center for Minor Crop Pest Management 

Shanaz Bacchus 
Biopesticide and Pollution Prevention Division 
Document Processing Desk 
Office of Pesticide Programs 
U.S. Environmental Protection Agency 
Second Floor, Crystal Mall 2 
1921 Jefferson Davis Highway 
Arlington, VA 22202-4501 
(703)308-8097 

Dear Shanaz 

RE: Aspergillus flavus AF36 

March 25, 2002 

•••• • •••• 

• 
• • •••••• • 

• 
•••• • •••• .. . 

• • • ... 

As you requestE:d during our conversation on March 20, 2002 I have attached a 
summary of the toxicology research . Additional toxicology work has been submitted 
previously, therefore this summary only represents research not yet submitted to EPA. 
These will be submitted along with the Section 3 registration package . 

There have not been any adverse affects attributable to Aspergillus flavus AF36 nnd 
the primary points of consideration for the continuation and expansion of the EUP and 
are as follows: 

1. The honey bee study detennined that Aspergillus ilavus AF36 is considered non­
hazardous. 

2. There was no evidence of infectious risk in either avian or n1ammalian studies 

3. There have been no reported adverse effects during the research or EUP phases of 
product production, development and evaluation. 

4. Aspergillus flavus AF36 is already found in the soils of the states requested in the 
EUP . 

Technology Centre of New Jersey 
681 U.S. Tlighway #I South• North Brunswick, NJ G8902-3390 • 732/932-9575 •Fax: 732/932-8481 

•••••• • • • • • 
•••••• • • .. 
••••• • • ••••• 
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5. Aflatoxin is a known toxin.and Aspergillus flavus AF36 has the ability to reduce 
this toxin. 

Thank you for continued guidance in the EUP process. The EUP for Arizona and 
Texas will enable additional information to be collected so that EPA can make a 
better infonned decision when the Section 3 registration package is submitted. 

Thank you for your time in reviewing this information. 

Michael Braverman, Ph.D 
Biopesticide Coordinator 
ffi.-4 Project, Rutgers University 
Technology Centre of New Jersey 
681 U.S. Highway 1 South 
North Brunswick, New Jersey 08902-3390 
Tel (732)932-9575 ext 610 
FAX (732)932-8481 
braverman@aesop.rutgers.edu 

• ••• • •••• 

• • •••••• • 

•••• • • •••• 
• • • • • • • • • 

e CC: Phil Hutton, Bob Holm, Peter Cotty 

Enclosure- Toxicology Summary 

• 

• ••••• • • • • • 
• ••••• • • •• 
• • • • • • • ••••• 
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Preliminary Summary of Toxicology studies on Aspergillus flavus AF36 

Michael Braverman, IR-4 Project March 25, 2002 

This is a preliminary sun1mary of the results of toxicology studies of Aspergillus jlavus 
AF36 in bees, birds and rats performed during 2001and2002. We are awaiting the 
reports with detailed infonnation from the toxicology laboratory (Huntingdon Life 
Sciences, Ltd. Huntingdon, England). In addition to these studies, through the history of 
laboratory research, prod11ction of A. jlavus-co\onized wheat seed and in field use of this 
product under the current E'UP, there have not been any reported ill effects. This ha§••• 
included manufacturing personnel, field and laboratory staff, and growers and field••• 
workers. Applications of Aspergillusjlavus AF36 have been made to commercial fields 
since 1996 and a total of over 40,000 acres of commercial cotton in Arizona have beeR 
treated with Aspergillusflavus AF36. Over 400,000 pounds of\vheat seed colonizt:C.bt. 
Aspergillusflavus AF36 has been produced at the manufacturing facility in PhoeniX . 
This facility has been developed and built by a partnership between the Agricultural 
Research Service of the United States Department of Agriculture and the Arizona Cotton 
Research and Protection Council (ACRPC). The ACRPC is statutory agency of th~ S'tt!.te 
of Arizona and is run by a board of cotton producers appointed by the Governor of •••• ... 
Arizona in consultation with the Arizona Cotton Growers Association. : • •• • 

Previously submitted information has documented that Aspergillus jlavus is conunon on· 
crop and native plants and in soils throughout the areas in which Aspergillus flavus AF36 
will be applied. Furthermore, it has been documented thatAspergillusflavus AF36 is 
ubiquitous in the areas of Arizona and Texas for \Vhich Experimental Use Permits have 
been requested. 

Material for Toxicology Studies 
For all studies Aspergillus flavus AF36 was produced in the same manner as when 
applied to commercial fields for reduction ofaflatoxin producing fungi. For the initial 
mammalian study conidia were produced on sterile wheat seed in sterile bottles just prior 
to animal dosing. The conidia were washed from the wheat with rigorous shaking in 
0.5o/o Tween 80. In subsequent studies, the avian study and the dose-range study in rat, 
the conidia were washed from the wheat in sterile physiological saline. For the bee study, 
colonized wheat seed was applied to a commercial cotton field in the routine manner. 

Honev Bee Study 
A study was conducted by The Bee Group of Washington State University. AF-36 
colonized wheat seed was applied aerially at 10 lb product/acre to a 40 acre cotton field 
near Eloy Arizona. This is the rate always used in treatment of commercial fields. A 40-
acre control plot was also included. Twelve European 1-Ioneybee colonies in the plots 
\Vere observed for the number of dead bees, n11n1ber of foraging bees and number of 
frames of adult bees from 3 to 30 days after applicatio11 for a total of24 evalualions. 

Researchers used a rating scale in which <100 dead bees/colony /day is considered 
normal die off (Non-hazardous). Less than 100 bees died (Maximum 86) in all 

•••••• • • • • • 
• •• •• • • • .. 
••••• • • ••••• 

--- -------------------------
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evaluations in the treated plot. Greater than 100 bees died (122 and 114)in the untreated 
plots during 2 of the 24 evaluations. There were significantly more dead bees in the 
treated plots on three of the ratings. There were significantly more dead bees in the 
untreated plot at one of the ratings. There was no significant difference in the number of 
bee foragers or frames of bees between the treated and untreated plot. The researchers 
concluded that AF36 is non-hazardous to bees and can be applied to cotton in bloom with 
minimal hazard. 

A vi an Inhalation Study 
Study was conducted by Huntington Life Sciences, England. Thirty Bobwhite Quail s •••• 
received five mean daily doses of AF36 at 3.75 x 10 cfu per bird by intratracheal •• :, 
instillation. Two groups often birds were allocated as controls: negative control (five 
undosed birds and five birds receiving the vehicle) and a heat-killed control. 

• 
• • 

There were no treat1nent-related mortalities. Observations over 35 days showed no:••••• 
clinical signs of toxicity and no treatment-related effects evident in either bodyweight 
change or food consumption. No abnormalities were observed at macroscopic post 
mortem examination. Treatment with Aspergillus jlavus AF36 produced no toxicity~ 
no infectivity. • •••• • 

Mammalian Studies 

... 
• • • ... 

The initial pulmonary rat study \Vhich resulted in lethality in a significant number of 
animals treated with either the live Aspergillus jlavus AF36 in Tween 80 or heat killed 
Aspergillus flavus A.F36 in Tween 80. Onset of symptoms was rapid after dosing with all 
deaths occurring by day four of the study. All rats surviving to day four of the study 
recovered and all rats sacrificed (as scheduled) on day 8 or day 15 of the study had totally 
eliminated viable Aspergillusflavus AF36 from the lungs, ceacal contents, and faeces. 
There \Vas no evidence of infectivity. The aetiology of deaths was unclear. However, it 
is possible that Aspergillus flavus AF36 prepared using Tween 80 caused a severe acute 
inflammatory response. Retrospective literature review and consultation with a 
toxicologist supported the theory that the responses were a result of a synergism with 
Tween 80 and/or ofTvveen 80 breakdown products formed during preparation of the 
spore suspension. 

A second rat study was therefore undertaken. In the second study the conidia were both 
washed from the wheat and suspended in sterile physiological saline instead of Tween 80. 
Animals (2 male and 2 female for each treatment level) were dosed at 0, 105

, 106
, 107

, 

and 108 colony forming units per rat. There were no clinical signs in any of the treatment 
groups considered to be associated with the test substance. Rats were sacrificed at day 8 
without treatment associated mortality. No abnormalities were observed in any of the 
anin1als at the macroscopic examination at tennination. 

Based on these two mam1nalian studies, we concluded that Aspergillus flavus AF36 does 
not present either a toxicological or an infectious risk to mammals . 

•••••• • •• • • 
•••••• • • .. 
••••• • • ••••• 




